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Report Address 
by 

Mr. Olan Pituck 
Director-General, Department of Agricultural Extension 

At the Opening Ceremony of the 9th International Symposium 
on Fruit Flies of Economic Importance 

Monday 12, 2014, 08.30 hrs. 
Grand Ballroom, Montien Riverside Hotel, Bangkok, Thailand 

 
Excellency, Minister of Agriculture and Cooperatives,  
Professor Dr. Aldo Malavasi, Chairman of the International Fruit Fly Steering 
Committee,  
Dr. Jorge Hendrichs, FAO/IAEA Representative, 
Distinguished Participants and Guests,  
Ladies and Gentlemen,  

On behalf of the local organizing committee, I feel highly honor to have the presence of 
Your Excellency, Minister of Agriculture and Cooperatives to preside over the opening 
ceremony of the 9th International Symposium on Fruit Flies of Economic Importance. 
Please allow me, in my capacity as the Chairman of this Symposium, to extend a very 
warm welcome to all of you. 

The International Symposium on Fruit Flies of Economic Importance is convened once 
every four years. The previous Symposium was held in 2010 in Valencia, Spain where 
Thailand won the bid to be the host for next Symposium. The 9th Symposium is 
scheduled for 12-16 May 2014 in Bangkok  to serve as a forum for scientists and 
stakeholders across the world to share recent know-how and technologies related to fruit 
flies control. The Symposium consists of 9 scientific sessions both oral and poster 
presentation, including a one-day technical tour.  There are participants from 52 countries 
to participate in this Symposium. 

It is apparent that fruit flies cause significant damage to horticulture production 
especially for a wide range of soft fruits including mango. Around 300,000 hectares in 
Thailand are mango cultivated areas and the main economic species are the Oriental 
fruit fly-OFF (Bactrocera dorsalis, Hendel) and the guava fruit fly-GFF (Bactrocera 
correcta, Bezzi). For the domestic market, the economic loss of mango production due 
to fruit fly damage is estimated at hundreds millions dollars.  

These fruit flies are classified as a primary quarantine pest for many of Thailand’s 
trading partners. Fresh fruits would need to be undergone post-harvest disinfestation 
treatments prior to shipment to fruit fly free countries such as Japan and promising 
future markets such as the United States of America.  The cost of disinfestations is 
significant and ranging from USD 250 to USD 375 per ton depending on the type of 
treatment and variety of fruit. The most common routine control is insecticide cover 
sprays in commercial fruit orchards. The practice of bagging can lessen damage to 
individual fruit, however, the removal of infested and/or fallen fruits is generally 
ignored.

In order to apply an integrated pest management (IPM) such as bait sprays, annihilation 
of males, orchard sanitation and stripping of wild host plants approach with a Sterile 
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Insect Technique (SIT) component, a medium size mass rearing facility producing up to 
40 million sterile flies per week was constructed in the Pathum Thani province since 
1990.  Moreover, surveillance of fruit fly were conducted   via monitoring network 
system and fruit sampling. This has been done through close collaboration between the 
International Atomic Energy Agency (IAEA), Joint FAO/IAEA Division of Nuclear 
Techniques in Food and Agriculture and the Department of Agricultural Extension 
(DOAE) of Thailand.  

The area-wide integrated fruit fly control and the sterile insect technique SIT d effective 
in controlling fruit flies by substantial reducing damage in mango. This has provided 
opportunity to export fresh mango products from these pilot areas to some of the most 
stringent but lucrative markets such as Japan. An economic feasibility study showed 
that fruit fly control in Thailand using area-wide SIT approach could be expanded to 
other production areas with significant economic returns.  

Area-wide integrated pest management concept is not only effective for fruit fly control 
in Thailand but has also made successful story for other pests, for example, cassava pink 
mealy bug and coconut black head caterpillar control programme. 

Fruit fly control in Thailand is facing a major challenge in terms of long term planning 
for  all kind of pests control. Nevertheless, we do get the most benefit of working with 
experienced staff in the area of Sterile Insect Technique, with other appropriated 
methods and supporting technologies such as fruit fly monitoring, fruit surveillance and 
GIS. The basic requirements for scaling up the project from a pilot level to a nationwide 
project are not only complex procedure of incorporating new and better technologies but 
also huge challenge for convincing government officials to support a programme. By 
the way, we are confident that our good result of fruit fly control for decades will set 
good sample for neighboring countries and we can share our knowledge and experience 
with them.  

This is one of the reasons why Thailand would like to be the host of the 9th International 
Symposium on Fruit Fly of Economic Importance.  We would like everybody to realize 
the importance of the impact of fruit fly on national economy as well as international 
trade, in particular, when Thailand will enter into the ASEAN Community in December 
2015. All the ASEAN Member States must pay due attention to fruit fly control 
programme and push ahead as a major strategic plan of action in ASEAN region.  
 
Excellency,  
Distinguished Participants and Guests,  
Ladies and Gentlemen,  
To this end, with my great honor on behalf of the 9th ISFFEI host, I ensure that all 
participants will gain better insight into fruit fly disciplines and manipulation on fruit 
flies control. I wish all of you have a pleasant stay in Thailand.  

Thank you 
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Remarks 
by 

Dr. Jorge Hendrichs 
FAO/IAEA representative 

At the 9th International Symposium on Fruit 
Flies of Economic Importance 

12 May 2014, Bangkok, Thailand 

 
Ladies and gentlemen, dear colleagues, 

On behalf of the senior management of FAO and IAEA, I would like to thank the organizers for 
the invitation to makesome opening remarks to this international symposium.  

Awareness is increasing worldwide that consuming fresh fruits and vegetables is 
essential to human health, to the extent that the WHO – the World Health Organization 
– is advocating the consumption of at least 400 g per day to address the worldwide 
increase in the incidence of non-transmittable diseases, including diabetes and obesity.  

The rising demand for fresh fruit and vegetables, linked to such campaigns, rising living 
standards and changing dietary patterns, and the growing human population, estimated 
to reach over nine billion people by 2050, represents a major challenge. But it also 
represents an opportunity for many tropical and subtropical countries with favourable 
conditions to increase their production of fruits and vegetables and to place these on 
lucrative international markets. 

Unfortunately, the fear of introducing major exotic fruit fly pests is one of the main 
reasons why such opportunities can often not be realized.Besides interfering with 
international trade, fruit fly pests can drastically reduce yields and quality, despite the 
often intensive use of pesticides, thereby further frustrating production and marketing of 
fresh horticultural commodities also for local consumption.  

A more environmentally aware general public and the increasingly stringent and 
demanding maximum residue levels requested by Governments and supermarket chains 
are forcing us away from easy solutions based on the routine application of insecticide 
bait sprays and uncoordinated localized efforts, towards the integration of more 
biological approaches, coordinated on an area-wide scale. 

The international fruit fly worker community is unique because of the closeness of 
researchers, action programme managers, plant protection officers and industry 
representatives. These quadrennial international fruit fly symposia have played as major 
role in strengthening this community and in motivating researchers towards focusing on 
finding practical solutions to fruit fly problems.  

The Joint FAO/IAEA Division has been supporting and participating in these symposia 
since the first symposium in Athens in 1982. When reviewing the proceedings of all these 
symposia and the scientific programme of this 9th symposium, it is exciting to see how 
much technical progress has been made by fruit fly workers over these past 32 years. 
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Nevertheless, more than ever, there is the need for basic and applied researchers to 
develop creative and sustainable solutions and their transfer and validation in the field, 
tomore effectively manage fruit fly problems.  

In closing, I would like to congratulate and express my gratitude to the Government of 
Thailand for the excellent organization and strong political and financial support given to this 
event, held again in a very pleasant location. In particular, I would like to sincerely thank the 
whole Local Organizing Committee for the dedication and hard work since the Valencia 
symposium to make this event successful. Thank you also for your great hospitality! 
Moreover I would also like to recognize the Steering Committee for the stimulating scientific 
programme of this symposium. 

I wish you all a very productive and enjoyable time in Thailand. 



12-16 May 2014, Bangkok, Thailand | 11 

Remarks 
by 

Professor Dr. Aldo Malavasi 
Chair of the International Fruit Fly Steering Committee 

At the 9th International Symposium on Fruit 
Flies of Economic Importance 

12 May 2014, Bangkok, Thailand 

 
During the last International Symposium in Valencia, Spain, in 2010, the Steering 
Committee had to choose among three cities for hosting the 2014 IS. After a tough 
competition, Bangkok was chosen for most of members taking in consideration the 
geographical rotation among the continents, the fruit flies activities performed in the 
country, the impact that the symposium can cause in the local and international 
community and the well-presented proposal by our Thailand colleagues..  

After four years, the fruit fly community is coming together again looking for a 
productive discussion, a strong interaction among the attendees, presentations on the 
state-of-art in the fruit fly field and, among other scientific aspects, enjoying a 
wonderful country.  

Thailand is a country widely recognized by its hospitality. Associated with an 
outstanding natural and cultural environment, we are sure that you all will find a perfect 
atmosphere for our 9th International Symposium. 

The local organizing committee had worked hard to offer to the participants all good 
conditions for an excellent meeting, from the registration to the facilities passing 
through all details of whole organization.  

I would like also to acknowledge all members of the Steering Committee for the efforts 
to contribute for a strong scientific meeting. My personal thanks to all efforts made by 
the Government of Thailand and the Local Organizing Committee bringing a large 
amount of funds and a lot of people committed with the organization of the 9th IS.  

Welcome to Bangkok and enjoy science, culture and environment.  

 

Aldo Malavasi 
Chair of the International Fruit Fly Steering Committee 
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Opening Address 
by 

Minister of Agriculture and Cooperatives 
At the 9th  International Symposium on Fruit 

Flies of Economic Importance 
Monday 12, 2014, 08.30 hrs. 

Grand Ballroom, Montien Riverside Hotel, Bangkok, Thailand 
 

Professor Dr. Aldo Malavasi. Chairman of the International Fruit Fly Steering  
Committee,  
Dr. Jorge Hendrichs, FAO/IAEA Representative, 
Director-General, Department of Agricultural Extension, 
Distinguished Participants and Guests,  
Ladies and Gentlemen,  
 
First of all, I would like to join Director-General of the Department of Agricultural 
Extension, Professor Dr. Aldo Malavasi and Dr. Jorge Hendrichs in extending a very 
warm welcome to all distinguished participants who attend the 9th International 
Symposium on Fruit Flies of Economic Importance in Bangkok where  a vivid scent of 
232 years of rich history and culture are still preserved. It is a great honor for Thailand 
to be a host for this important Symposium.  

We all realize that nowadays fruit fly and other plant pests are more and more of our 
concern due to their own severe character and the effects arising from  global warming 
and international trading and travelling. Therefore, control method or manipulation of  pest 
management has to be taken into due consideration based on the data from effective 
surveillance system and information, which includes the social and the environment 
components.  

Moreover, knowledge-based society, information and grower cooperation are critical 
factors apart from the Government’s policy for the success that determines the 
competitiveness of not only the individual but also the entire nation. In the sense of fruit fly 
and other plant pests, “Area-wide Integrated Pest Management” the key words of fruit flies 
control is an accurate description of our reality.  

Hence, the process of using control methods  are important required system  in order to 
thoroughly understand nature of pest and to use information as a tool for decision 
making in conducting any related technologies, methods and  activities.  

Currently, fruit flies control programme in Thailand needs to provide much more than 
traditional control-based knowledge. Emphasis should be placed on knowledge creation, 
information and people network that encompass the latest technologies such as SIT –
based, biological control, augmentoria, bait application technique and male annihilation 
as well as more published information through different media
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Thailand has taken the International Standard of Phytosanitary Measure (ISPM), into due 
consideration and her fruit fly control programme is regarded as one of the successful 
examples of the sterile insect technique or SIT effectiveness for fruit fly population 
suppression. We have mapped out a plan to expand area-wide integrated fruit flies control 
to nationwide scale and to be center of excellence on fruit fly control in South-East Asia. 

As earlier stated in the address of Director-General about the scientific progammme,  I 
strongly believe that this 9th International Symposium on Fruit Flies of Economic 
Importance will provide an opportunity for all participants from 52 countries to increase 
knowledge on fruit fly disciplines  and share mutual interest and visions about  the role and 
function of the technologies for fruit fly control within area-wide integrated fruit fly 
management.  

I would like to express my deep gratitude to the International Atomic Energy Agency for a 
kind technical and funding support, the International Fruit Fly Steering Committee, especially 
Professor Dr. Aldo Malavasi and Dr. Rui Pereira for assisting in the consideration and 
selection of scientific programme and providing valuable technical advice.  My special thanks 
are also given to the Thailand Convention & Exhibition Bureau or TCEB for generous 
funding support and the Thai local organizing committee for their hard work. 
 
Distinguished Participants and Guests,  
Ladies and Gentlemen,  

During your rather short stay in Bangkok, I invite all of you to fully enjoy all the 
wonderful experiences you can find in this city with bundles of charming memories and 
priceless friendships when you return to your respective countries.  

I sincerely wish for the success of the 9th International Symposium on Fruit Flies of 
Economic Importance. I believe that all of you will succeed in opening new horizons for 
fruit fly control development through broad exchange of information and in-depth 
discussion of current issues, thereby resulting in further expanding and strengthening 
cooperation in fruit fly programme. I now declare the 9th International Symposium on 
Fruit Flies of Economic Importance open. 

Thank you 
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SCIENTIFIC PROGRAM 
THE 9TH INTERNATIONAL SYMPOSIUM ON FRUIT FLIES OF ECONOMIC IMPORTANCE  

12-16 MAY 2014 
Montien Riverside Hotel, Bangkok, Thailand 

Monday, 12 May 2014 

07.30-08.30 Registration & Poster Mounting 
08.30-09:45 Opening Ceremony 

09:45-10:30 Opening Speaker : Dr. Anond Snidvongs 
 Executive Director. Geo-Informatics and SpaceTechnology         

                             Development Agency, Ministry of Science and Technology 
      Geo-Informatics in Area-Wide Integrated Pest Management 

10:30-11:00 BREAK 

Session 1: Area-wide and Action Programs  
Coordinators: Pablo Liedo and Sunyanee Srikachar 
11:00-11:30 Keynote Speaker : Donald McInnis  

Can Polyphagous Tephritid Pest Populations Remain Undetectable over Years under 
Favorable Climatic and Host Conditions? 

11:30-11:50 OP 1.1 :  
 

Population Dynamics of the Mediterranean Fruit Fly (Ceratitis capitata, 
Wied.) in Coffee Areas Located in the Guatemala - Chiapas, Mexico, Region, 
and Its Implications in IPM Strategies  

  By Walther Enkerlin 
11:50-12:10 OP 1.2 :     Fruit Flies Area-wide Integrated Control Program in Thailand Success or Failed? 
  By Suksom Chinvinijkul 
12:10-12:30 OP 1.3 : Suppression of Mediterranean Fruit Fly Using Sterile Insect Technique in 

Neretva River Valley of Croatia 
  By Mario Bjeliš 
12:30-13:30 LUNCH  

Session 2: Biology, Ecology,  Physiology and Behaviour 
Coordinators: Serge Quilici and Suksom Chinvinijkul 
13:30-14:00 Keynote Speaker : Phillip Taylor 
 The Tephritid Tardis: How Queensland Fruit Flies Escape in Time 
14:00-14:20 OP 2.1 : Pupal Diapause Development and Termination is Driven by Low 

Temperature Chilling in Bactrocera minax  
  By Changying Niu 
14:20-14:40 OP 2.2 :    Bacterial Symbionts as an Essential Component of the Olive Fly, 

Bactrocera oleae (Rossi), Nutritional Ecology 
  By Michael Ben-Yosef 
14:40-15:00 OP 2.3 : Remating Inhibition in Anastrepha ludens (Loew)  
  By Diana Pérez-Staples 
15:00-15:30 BREAK  

16:00-17:00 Poster Discussion : Session 1 and Session 2 
Discussion Leaders: Beatriz Sabater and A. Vergese 

17:00-17:45 General Discussion  
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Tuesday, 13 May 2014 

Session 3: Morphology and Taxonomy 
Coordinators: Teresa Vera and   Weerawan Amornsak 
08:30-09:00 Keynote Speaker : Massimiliano Virgilio 

Led Zeppelin and the DNA Barcoding of Fruit Flies: “Stairway to heaven” or               
“Babe, I’m gonna leave you”? – A Pragmatic Approach Towards Workable Solutions. 

09:00-09:20 OP 3.1 : Resolution of Key Pest Members of the Bactrocera dorsalis Species Complex  
  By Anthony Clarke  

09:20-09:40 OP 3.2 :   An Integrative Approach to Unravel the Ceratitis FAR Cryptic Species Complex 
  By Marc De Meyer 

09:40-10:00 OP 3.3 : New Insights in the Definition of the Anastrepha fraterculus Cryptic 
Species Complex  

  By Teresa Vera and Janisete Silva 
10:00-10:30 Group Photo and  BREAK 

Session 4: Genetics and Evolution 
Coordinators: Anna Malacrida and Sujinda Thanaphum 
10:30-11:00 Keynote Speaker : Marc F. Schetelig  

Past, Present and Future of Strain Development 

11:00-11:20 OP 4.1: From Transgenesis to Functional Genomics: Novel Tools for the Study of 
Reproduction in a Severe Pest, the Mediterranean Fruit Fly, Ceratitis capitata 

  By Francesca Scolari  
11:20-11:40 OP 4.2:   Population Structure of Ceratitis rosa Karsch in South Africa: Using Molecular 

and Morphological Markers to Estimate Gene Flow and Dispersal Ability 
  By Minette Karsten 

11:40-12:00 OP 4.3 : Genetic Structure Analysis of Three Kinds of Fruit Fly of Economic 
Importance in China  

  By Qinge Ji 
12:00-13:30 LUNCH  

Session 5: Chemical Ecology and Attractants 
Coordinators: Nancy Epsky and  Sirada Thimprasert 
13:30-14:00 Keynote Speaker :Shanmugam Vijaysegaran  

Bait Manufactured from Beer Yeast Waste and Its Use for Fruit Fly Management 
14:00-14:20 OP 5.1 : Recent Developments on Chemical Ecology  

By Eric Jang 
14:20-14:40 OP 5.2 : Responses of Dacini Fruit Flies to Novel Phenylpropanoids in Australia and 

Papua New Guinea 
  By  Jane E. Royer 

14:40-15:00 OP 5.3 : Effect of Methyl Eugenol Consumption by Male Bactrocera umbrosa 
Fabricius (Diptera: Tephritidae): Implications on Sexual Attraction, 
Maturation, and Mate Selection 

  By Suk-Ling Wee  

15:00-15:30 BREAK  
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16:00-17:00 Poster Discussion: Session 3, Session 4 and Session 5 
Discussion Leaders: Yoav Gazit, Serge Quilici and Marc De Meyer 

17:00-17:45 General Discussion  
18.00-21.00 Meeting of International Fruit Fly Steering Committee (open to SC members) 

Wednesday, 14 May 2014 
7:00-19.30 One day technical tour 

Thursday, 15 May 2014 
Session 6: Control Methods and Supporting Technology  
                    (e.g. Geographic Information System-GIS and Surveillance) 
Coordinator: Nikos Kouloussis  and  Sirilux Noikeaing 
08:30-09:00 Keynote Speaker : Aruna Manrakhan 

Use of Male Annihilation Technique for control of pest species in the Bactrocera 
group on Mainland Africa 

09:00-09:20 OP 6.1: Detection of Bactrocera dorsalis (Hendel) in Mauritius and Rapid Response 
  By  Preeaduth Sookar  
09:20-09:40 OP 6.2: Area Wide Management of Ceratitis capitata in Fruit Trees in Israel - 

Successful Implementation and New Challenges 
  By  Miriam Silberstein 
09:40-10:00 OP 6.3: Integrated Pest Management of Fruit Flies on Rose Apple in Thailand 
  By  Sunyanee Srikachar 
10:00-10:30 BREAK  

Session 7: Natural Enemies and Biological Control 
Coordinators: Pablo Montoya  and  Narit Thaochan 

10:30-11:00 Keynote Speaker : John Sivinski  
Technical Competition and the Fate of Augmentative Biological Control 

11:00-11:20 OP 7.1: Autodissemination and Pathogen Dynamics in Bactrocera invadens Drew, 
Tsuruta & White: Screening, Horizontal Transmission and Suppression in a 
Mango Agroecosystem  

  By Sunday Ekesi 
11:20-11:40 OP 7.2:   Towards a Rapid Identification Technique for Immature Parasitoids 
  By  Olivia Reynolds 
11:40-12:00 OP 7.3: Bane or Boon? The Effect of Weaver Ants on Mango Fruit Flies and their 

Parasitoids 
  By Valentina Migani 
12:00-13:30 LUNCH  

Session 8: SIT Principles and Applications 
Coordinators: Rui Pereira and  Wanitch Limohpasmanee 
13:30-14:00 Keynote Speaker: Daniel Hahn 

Management of Dormancy: A Review and Discussion of  Importance for Biological 
Control Programs Including SIT 

14:00-14:20 OP 8.1: New Mediterranean Fruit Fly Emergence and Release Facility at Tapachula, 
Chiapas, Mexico 

  By  José Luis Zavala 
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14:20-14:40 OP 8.2: Micro-SIT : a Novel and Sustainable Control for Ceratitis capitata in Israel  
  By Gal Yaacobi  
14:40-15:00 OP 8.3: Area-Wide Suppression of Bactrocera Fruit Flies in Dragon Fruit Orchards 

in Binh Thuan, Vietnam 
  By Thi Thanh Hien Nguyen  

15:00-15:30 BREAK  

16:00-17:00 Poster Discussion : Session 6, Session 7 and Session 8  
Discussion Leaders: Sunday Ekes, Olivia Reynolds and Abdeljelil  Bakri 

17:00-17:45 General Discussion  

19:00 FAREWELL DINNER  

Friday, 16 May 2014 

Session 9: Risk Assessment, Quarantine and Post-harvest 
Coordinators: Kenneth Bloem and Tasanee Pradyabumrung  
08:30-09:00 Keynote Speaker: Stephanie Bloem  

Pest Risk Analysis for Economically Important Tephritidae: The Crossroads between 
Science, Plant Protection and Safe Trade 

09:00-09:20 OP 9.1: Revised Quarantine Distances for Domestic and International Trading 
  B Bernie Dominiak  
   

09:20-09:40 OP 9.2: International Standards for Phytosanitary Measures on Fruit Flies 
  By Rui Pereira  

09:40-10:00 OP 9.3: Eradication of Tephritid Fruit Flies: Lessons from Gerda 
 
10:00-10:30 

 
BREAK 

By David M. Suckling 
 

Session 10: Additional  Topics 
10:30-10:50  OP 10.1: Socio-Economic Analyses of Area-Wide Management of Mango Fruit Fly in South India 
  By Abraham Verghese  

10:50-11:10  OP 10.2: Economic Evaluation of the Moscamed Program in Guatemala and Its 
Impacts in Such Country, Mexico, The United States and Belize 

  By Diznarda Salcedo 

11:10-11:30  OP 10.3:   Beyond Compliance: Integrated Systems Approach for Pest Risk 
Management in South East Asia 

  By John D. Mumford 

11:30-12:00  Poster Discussion : Session 9 
Discussion Leader: Kenneth Bloem 

12:00-12:30  General Discussion  
12:30-13:00  CLOSING SESSION 

13:00-15:00  LUNCH  
15:00-15:30  Poster Removing 
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Applications of Geo-Informatics 
in Area-Wide Integrated Pest Management 

Anond Snidvongs1 and Sujinda Thanaphum2 
1 Geo-Informatics and Space Technology Development Agency (GISTDA), Bangkok, Thailand, 
anond@gistda.ot.th; 2 Mahidol University, Bangkok, Thailand 

As the world commercialization of fruit and vegetable commodities is rapidly 
growing, managing the risk of introducing exotic insects and chemical-insecticide-
contaminated fruits into new areas is imperative for international standards. Several 
area-wide integrated pest management (AW-IPM) programs successfully alleviated the 
pest problems. In such, control programmed, the entire pest population in a delimited 
geography is considered. The area topography usually constitutes a large core area and 
surrounding buffer zone. The application of geo-informatics has been and/or can be 
integrated into those activities for better effectiveness in the AW-IPM. This is partly 
because the geo-informatics can provide very up to date and high resolution data, both 
at the level of macro- and micro- geography. The data can be used for planning and 
monitoring in the AW-IPM programs. Examples of the application of the geo-
informatics to IPM using SIT in Thailand will be presented. 

 

Keywords: Area-Wide Integrated Pest Management, Geo-Informatics 
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Can Polyphagous Tephritid Pest Populations Remain Undetectable 
over Years under Favorable Climatic and Host Conditions? 

Donald McInnis1, Rafael Argilés2, Abdeljelil Bakri3, Norman Barr4, Brian Barnes5, 
Mario Bjeliš6, Kenneth Bloem4, Walther Enkerlin7, P. Gomes4, J. M. Gutiérrez 
Ruelas8, Jorge Hendrichs2, Kevin Hoffman9, Eric Jang10, W. Klassen11, D. R. 

Lance4, Aldo Malavasi12, R. L. Mangan13, A. Manrakhan14, Ronald Mau15, Rui 
Pereira2, Pedro Rendón16, J. Reyes2, E. Rial17, P. Rodríguez18, R. Rodríguez19, 

Tood Shelly4, Preeaduth Sookar20, David M. Suckling21, Keng-Hong Tan22, 
Bill Woods23 and H. Zetina24 

1ARS-USDA (retired), 1216 Manu Aloha St., Kailua, Hawaii, USA, moscamed@aol.com; 2FAO/IAEA, 
Vienna, Austria; 3University Marrakesh, Morocco; 4APHIS-USDA, USA; 5ARC (retired), Stellenbosch, 
South Africa; 6Agriculture, Food and Rural Affairs, Solin, Croatia, USA; 7Moscamed Program, 
Guatemala; 8SENASICA-SAGARPA, Mexico; 9CDFA, Sacramento, CA, USA; 10USDA-ARS, USA; 
11UF (emeritus), Gainesville, Florida, USA; 12Moscamed Brazil, Juazeiro, Brazil; 13ARS-USDA (retired); 
14CRI, Nelspruit, South Africa; 15 Univ. Hawaii, USA; 16IAEA/USDA, Guatemala; 17FUNBAPA, Río 
Negro, Argentina; 18MIDA, Tocumen, Panama; 19SAG, Santiago, Chile; 20Ministry Agroindustry, 
Mauritius; 21IPFR, Christchurch, New Zealand; 22Academy of Sciences, Malaysia; 23Agriculture and 
Food, Perth, Australia; 24BAHA, Belmopan, Belize 

Background: The rapid growth in global trade and, in particular, passenger travel and 
postal shipments, has been linked to an increase in tephritid pest incursions. Recently, 
these have resulted in more species invading new areas, even whole continents. For 
fresh fruit exporting nations, it is essential to exclude such polyphagous pests to 
maintain the free status of production areas for protecting horticultural industries that 
generate significant income and employment. Benefit-cost studies confirm that 
investment in detection surveillance and rapid response to single or recurrent fruit fly 
incursions is much more favorable economically, socially, and environmentally than 
allowing major polyphagous tephritid pests to become established. Invading flies will 
either not survive/reproduce (inhospitable situations, Allee effect at low densities, etc.) 
or will reproduce rapidly under favorable conditions due to their r-selected demographic 
nature. As a result, they are usually detected within the first few generations leading to 
emergency responses to eliminate the outbreak. In some cases this is not achieved 
immediately. This occurs particularly when, as a consequence of a non-areawide 
approach and the lack of establishing temporary quarantines to confine the outbreak, 
new satellite populations occur due to the movement of infested fruit and flies to new 
areas. This requires expanded efforts over larger areas until eradication is achieved. 
However, there is no evidence in support of claims that exotic polyphagous tephritid 
populations can remain undetected over years under favorable host and climatic 
conditions when managing intensive trapping networks with strong attractants. 

Conclusions: Pest incursions will continue to increase in frequency and in species 
numbers as a consequence of growing travel and trade. Though it is impossible to prove 
a negative, implementing International Plant Protection Convention (IPPC) 
phytosanitary standards has been effective in preventing pest establishment, allowing 
many countries to continue exporting and expanding their fruit industries. Declaring 
tephritid pest populations established in the absence of positive proof and based solely 
on academic speculations is not only unscientific, but also irresponsible as it may 
mislead policy makers with severe negative consequences to fruit production and 
exports, significant increases in insecticide applications and reduced availability of 
dooryard fruit. 
Keywords: fruit flies, fruit trade, pest incursion, r-selection, detection, eradication 
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Population Dynamics of the Mediterranean Fruit Fly 
(Ceratitis capitata, Wied.) in Coffee Areas Located in the Guatemala - 

Chiapas, Mexico, Region, and its Implications in IPM Strategies 
Walther Enkerlin1, Antonio Villaseñor1 and Salvador Flores2 

1Codirección México SENASICA-SAGARPA, Programa Regional Moscamed Guatemala-México-
Estados Unidos,  16 calle no. 3-38 Zona 10, Guatemala C. A. Email: walther.enkerlin@medfly.org.gt;

 

2Programa Moscafrut SAGARPA-IICA Camino a los Cacahoatales S/N Metapa de Domínguez Chiapas, 
México.  

Background:  The Guatemala - Chiapas, Mexico Region has about 515,000 hectares of 
coffee continuously distributed along the mountain ranges of the Pacific Coast. This 
coffee ecosystem provides to the Mediterranean fruit fly (Ceratitis capitata, Wied.) suitable 
habitat for rapid population growth and dispersal. Since 1975, the Guatemala-Mexico-
United States Regional Medfly Program maintains control over the medfly populations to 
contain its spread towards North America. This has been possible through managing a 
dynamic containment barrier which operates at the Guatemala - Mexico border. In the 
past five years, the barrier has been gradually moved towards the south resulting in new 
pest free and low prevalence areas.  

Methods: We analyzed the population dynamics of the medfly subjected to area-wide 
SIT releases and other IPM tools. Furthermore, we analyzed the effects of weather 
and host phenology on the population fluctuation of the pest.  
Results: The analysis indicates that in a  10 year period, when the sterile: wild ratio is 
100:1 or above, the pest remains under control and with reduced dispersal over the 
low prevalence and free areas. On the contrary, when the ratio is below 100:1, control 
decreases. The annual population fluctuation is as follows: Pest population grows in 
March and has its maximum peaks between May and July.  This is associated with 
the phenology of coffee and favorable weather conditions. Nevertheless, accumulated 
rainfall from May to September (500-1000 mm) followed by the low temperatures 
during the months of December to February (7-20° C), depending on altitudinal strata, 
result in a natural population decrease. The population dynamics of the pest is also 
very much influenced by extreme weather conditions associated with the ENSO (El 
Niño-Southern Oscillation) meteorological phenomenon. In “El Niño” years, weather 
conditions favor warmer temperatures and a high rate of population growth and high 
population pressure over the low prevalence and free areas.  In years with contrasting 
unfavorable weather conditions for the pest known as “La “Niña” years, temperatures are 
lower and often generate hurricanes or tropical storms which can cause heavy flooding 
resulting in a suppression effect over the pest populations.  
Conclusions: Drastic population fluctuations of medfly influenced by weather 
conditions and host phenology, affect the capacity of the program to maintain the 
sterile: wild ratios required to suppress and eradicated populations. For the Regional  
Medfly  Program,  understanding  the interactions between  pest, hosts and weather is key 
in designing adequate operational strategies that will allow a more effective medfly 
containment and eradication effort. 

Keywords: Mediterranean fruit fly, Population dynamics, Sterile Insect Technique 
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Fruit Flies Area-wide Integrated Control Program in Thailand 
Success or Failed?  

Suksom Chinvinijkul1, Payungsak Sittilob2, Wanitch Limopassmanee3 
and Watchreeporn Orankanok1 

 

1Department of Agricultural Extension, Ministry of Agriculture and Cooperatives, Chatuchak, 
Bangkok10900. Thailand.  e-mail: chinvinijkuls@gmail.com; 2 Phichit Provincial Agricultural Extension 
Office, Thailand; 3Thailand Institute of Nuclear Technology, Nakhon Nayok Thailand 

Background: Two Bactrocera species are classified as importance pest and constrained 
international fruit trade of Thailand. The most common control is insecticide application 
while bagging can lessen damage but removal of infested or fallen fruits is non-intensive. 
 

Methods: For more than 2 decades, Thailand, with support from the Internatonal Atomic 
Energy Agency has conducted the sterile insect technique (SIT) together with other 
environment-friendly methods for fruit flies population suppression. Fruit fly mass 
rearing facility was established in Pathumthani province with capacity to produce 40 
million sterile flies per week. Three pilot areas were selected, the first was initiated in 
7.2 km2 mango orchards in Rachaburi province since 1991. Irradiated pupae were 
weekly transported and adults were ground released. The area-wide IPM approach has 
been accepted since 2001 to control B. dorsalis and B. correcta in mango areas in the 
first pilot and Phichit province, which were 34.4 km2 and  36.7 km2 respectively. 
Meanwhile, 160 volunteer growers, 2,000 growers, 50 school teachers and 3,000 
students have been educated on fruit fly importance and IPM classical control by 
Department of Agricultural Extension and related organizations. In 2007, the sterile 
white-stripped strain fruit fly of B. dorsalis which was developed by Thailand Institute 
of Nuclear Technology (TINT) have been released in Troknong subdistrict, Chanthaburi 
province. The genetic sexing strain of B. dorsalis was successful developed and on-
going scaling up mass rearing process is taking place under Mahidol University 
property. 
 

Results: In Ratchaburi province, fruit damage was reduced from over 80% to average 
less than 3.6 % in the last five years (2000 to 2004) and after SIT release was stopped in 
2005, the damage was increased to 17%. Meanwhile, first 2 years in Phichit province 
(2003-2004), the infestation was reduced from 43% in 2002 to 15%. Exportation 
possibility has been opened for mango produced in these areas to some of the most 
stringent and lucrative markets such as Japan. Few year later, with less sterile flies 
releases, the percent of damaged fruit increased to 23-30%. For Chanthaburi province, 
average sterile to wild ratios has been increased to 6.75 while fli per trap per day (FTD) 
was maintained at low levels, 0.67 in 2013 compared with 1.20 and 2.37, respectively, 
in 2012. 
 

Conclusions: Various factors affected  population suppression degree and inadequate 
funding has always been major constraint.  However, currently the fruit flies control 
program has been emphasized as national agricultural strategy and the high executive 
administrator has consider it of importance.  

Keywords: Bactocera dorsalis, population suppression, pilot areas, area-wide IPM, sterile insect 
technique  
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Suppression of Mediterranean Fruit Fly Using Sterile Insect 
Technique in Neretva River Valley of Croatia 
Mario Bjeliš¹, Luka Popović¹, Mijodrag. Kiridžija², 

Gerardo Ortiz³ and Rui Pereira4 
¹Institute for Plant Protection, Croatian Centre for Agriculture, Food and Rurral Affairs, Croatia. Email: 
mario.bjelis1@gmail.com; ²Growers Association „Mandarina“, Opuzen, Croatia; ³Programa Moscamed, 
Jalapa, Mexico; 4Insect Pest Control Section, Joint FAO/IAEA Division of Nuclear Techniques in Food 
and Agriculture, Vienna, Austria. 

Background:  Mediterranean fruit fly, Ceratitis capitata, is a pest of high economic 
importance in Croatia attacking several cultivated (Prunus armeniaca, Prunus 
persica, Prunus domestica, Ficus carica, Malus domestica, Pyrus communis, Citrus 
reticulata, Citrus sinenssis and Dyospiros kaki), wild (Arbutus unedo and Ficus 
carica) and ornamental host plants (Eriobotrya japonica, Fortunella kumquat, Feijoa 
sellowiana and Citrus aurantium). In Neretva valley, C. capitata affects production 
of mandarins, Citrus reticulata mainly for export to EU and Russia, with annual yield 
valued to over 25 million euros. Beside infestation in mandarin fruits, medfly also 
cause problems to exports due to quarantine and food safety regulations. After 
conducting economic and technical feasibility studies, two years of successfully 
suppression trough an Sterile Insect Technique (SIT) pilot project, the Croatian 
Ministry of Agriculture expand the project to the lower part of the Neretva valley, 
covering over 4000 hectares of fruit orchards, mainly mandarins. Since year 2013, 
grower associations from Neretva valley representing producers and industry joined 
to the project funding in terms of supporting part of the costs of labour, energy and 
sterile males. 

Methods: Fly emergence and release facility was build and equipped in the city of 
Opuzen, with current packing capacity of up to 30 million of sterile flies per week. 
Releases of sterile males are performed mainly with two ground release machines 
mounted on vehicles, using chilled flies. Trapping system is set and geo-referenced 
over the whole SIT treated (4000 ha) and non-treated area of the valley (additional 
4000 ha) with Tephri Traps using 3component lures (ammonium acetate, 
trimethilamina and putrescina) as attractant. Captured flies are checked using 
fluorescent lamps to separate sterile from the wild flies and to provide information on 
the insect population levels.  Routine fruit sampling is undertaken to evaluate fruit 
infestation and the consequent efficacy of the suppression methods. 

Results: Results of the application of sterile insect technique after two years of pilot 
project and dur ing two years of suppression project showed that medfly population, 
measured as number of larvae per kg of fruit was significantly reduced. In comparison 
to non-treated area in the upper part of the valley, medfly population was reduced by 
92.4% in figs, 73.9% in peaches and 96.8% in mandarins during 2012 and by 100% in 
figs, 57.3% in peach and 96.7% in mandarins during 2013.   

Conclusions: The aim of the project is to extend to the all production area of the 
valley and engage on aerial releases to target the whole population of the pest and to 
improve the effectiveness of the sterile insects. 

Keywords: Ceratitis capitata, mandarins, international trade, sterile releases 
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The Tephritid Tardis: How Queensland Fruit Flies Escape in Time 
Phillip Taylor, Sarsha Yap and Ben Fanson 

Department of Biological Sciences, Macquarie University, NSW 2109, Australia. 
E-mail: phil.taylor@mq.edu.au 

Background: Female Queensland fruit flies (Q-flies), like many other tephritids, may 
encounter a long delay between emerging as adults and their first opportunity for 
reproduction, and are thought to undertake geographic movement during this period.  
How do Q-flies, and other tephritids, persist and preserve their reproductive capacity 
until reproductive opportunities are available? One surprising option includes 
partitioning of lifespan. Distinct pre-and post-reproductive modes of aging have been 
reported previously in medflies; females provided a diet lacking protein remain in a 
non-reproductive ‘waiting mode’ of aging but when later provided a yeast-sugar diet 
and mated they switch to a ‘reproductive mode’ in which mortality rate drops to zero 
and remaining lifespan is independent of time spent in waiting mode. The role of 
nutrition, maturation and mating state as triggers of the switch between aging modes has 
not been determined in Ceratitis capitata. We here investigate whether similar models 
of aging are evident in Q-flies and consider the roles of nutrition, maturation and mating 
as mediators of aging mode.  
Methods: Newly emerged female Q-flies were provided one of three diets: sugar; 
essential; or yeast-sugar. Essential diet contained micronutrients found in yeast but 
lacked maturation-triggering protein. At days 20 and 30, some flies on the sugar diet 
were switched to essential or yeast-sugar diet, and some of those switched to the yeast-
sugar diet were mated 10 days later. Mortality schedules were compared. 

Results: Mortality rate of flies switched to the essential diet dropped to that of same-
aged flies that had been on the essential diet from emergence, indicating a reduction in 
acute risk of death but not underlying aging. Mortality rate of unmated flies switched to 
a yeast-sugar diet dropped to below that of same-aged flies on yeast-sugar diet from 
emergence, but did not drop to zero. In contrast, mortality rate of flies switched to a 
yeast-sugar diet and mated dropped to zero and their subsequent mortality schedule was 
remarkably similar to that of mated flies that had been maintained on yeast-sugar diet 
from emergence. These flies appear to have recovered from all aging that had occurred 
over the previous 30 – 40 days. However, some costs of recovered lifespan were evident 
in reduced reproductive potential. 

Conclusions: While nutrition alone increased lifespan, mating was required to induce a 
complete transition to reproductive mode of aging. The ability to recover lifespan 
during the transition to reproductive mode might allow tephritid flies to persist for long 
periods away from hosts in a pre-reproductive state. 

Keywords: Aging, Nutrition, Mating 
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Pupal Diapause Development and Termination is Driven by Low 
Temperature Chilling in Bactrocera minax  

Yongcheng Dong1, Zhijian Wang1, Anthony Clarke2, Rui Pereira3,  
Nicolas Desneux4 and Changying Niu1* 

1 College of Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, China;         
2 School of Earth, Environmental and Biological Sciences, Queensland University of Technology, P.O. 
Box 2434, Brisbane, QLD 4001, Australia; 3 Insect Pest Control Section, Joint FAO/IAEA Division of 
Nuclear Techniques in Food and Agriculture, 1400 Vienna, Austria; 4 French National Institute for 
Agricultural Research (INRA), UMR1355-ISA, 400 Route des Chappes, 06903 Sophia-Antipolis, 
France; # Presenting author: ccdyc@163.com; * Corresponding author: niuchangying88@163.com  

Background: Bactrocera minax is a major citrus pest in China, Bhutan, and India. It is 
univoltine and exhibits pupal diapause during winter. However, little is known about 
its diapause development and termination in this temperate species.  
Methods: To better understand pupal diapause in this pest, we investigated pupal 
survival and pupal developmental duration under field and laboratory conditions. 
Specifically, we tested if pupal chilling was required for diapause development and 
termination.  
Results: Nearly all mature larvae collected at the end of the citrus season entered pupal 
diapause. For pupae exposed in the field, natural chilling for less than 3 months 
resulted in more than 70 % mortality. However, exposure to winter conditions for 3 
months or more both decreased pupal mortality and developmental duration when 
pupae were returned to the laboratory and held under constant temperature (25 °C). 
When pupae were gathered from the field in November and exposed to different 
chilling regimes in the laboratory, the chilling duration (30 vs 60 days) had 
significantly more impact on pupal survival than the specific chilling temperature 
(6, 8, 10, or 12 °C constant). However, both chilling duration and chilling 
temperature impacted on the pupal developmental duration, with longer chilling 
duration and higher temperatures decreasing pupal developmental duration.  

Conclusions: In conclusion, we demonstrated that pupal diapause development and 
termination in B. minax is strongly influenced by chilling conditions. Increasing cold 
exposure led to significantly and consistently faster adult eclosion and improved 
synchronization of adult emergence. This knowledge will improve rearing of B. minax, 
an essential step in the long-term management of this pest.  

Keywords: Chinese citrus fly, cold exposure, Diptera, Tephritidae, Tetradacus, pupal survival.  
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Bacterial Symbionts as an Essential Component of the Olive Fly, 
 Bactrocera oleae (Rossi), Nutritional Ecology 

Michael Ben-Yosef1, Edouard Jurkevitch2 and Boaz Yuval1 
1 Departments of Entomology and 2Microbiology and Plant Diseases, The Robert H. Smith Faculty of 
Agriculture, Food and Environment, The Hebrew University of Jerusalem, PO box 12, Rehovot, Israel. E-
mail: benyosef@agri.huji.ac.il 

Background: Many fruit flies (Tephritidae) associate with environmental, free living 
bacteria (Enterobacteriaceae) which densely inhabit the adult esophageal bulb and 
midgut lumen. Olive flies (Bactrocera oleae; Dacinae) – worldwide pests of olives, are 
similarly associated with bacteria. However, adults and larvae host a non-cultivable, 
maternally transmitted bacterium (Candidatus Erwinia dacicola), which is considered 
as a co-evolved obligate symbiont of this fly. We postulated that these bacteria 
contribute to larval and adult nutritional ecology, by enabling the fly to overcome the 
limited nitrogen availability of its natural food substrates.  
Methods: We estimated the contribution of bacteria to adult fitness by comparing the 
fecundity of normal and axenic females fed defined and natural diets. Additionally, the 
effect of eliminating the gut microbiota on the ability of larvae to develop with green 
and ripe olives was evaluated.  
Results: We demonstrate that bacteria are able to compensate for the inability of adult 
flies to synthesize essential amino acids, or to metabolize intractable sources of nitrogen 
such as urea, thereby significantly contributing to fitness. Similarly, bacteria were found 
to be beneficial to females subsisting on honeydew and bird droppings – two natural 
food substrates. Finally, we show that larvae require their natural complement of 
bacteria to develop in unripe (green) olives, while in ripe (black) olives development 
occurs independently of the symbiotic microbiota. Our experiments suggest that 
bacteria counteract the inhibitory effect of oleuropein - an active component in green 
but not in black olives, which leads to a decrease the nutritive value of the fruit's 
protein. 
Conclusions: We suggest that gut bacteria form an inseparable, essential part of the fly's 
nutritional ecology. By means of their microbiota adults gain the ability to subsist on 
low quality foods without suffering from protein deficiencies, while larvae are able to 
exploit green olives - an otherwise unavailable food source.  

Keywords: olive fly, symbiosis, nutritional ecology.  
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Remating Inhibition in Anastrepha ludens (Loew) 
Diana Pérez-Staples1, Nicolás Núñez Beverido2, Yair Contreras1                                    

and Solana Abraham3 
1 Insituto de Biotecnología y Ecología Aplicada (INBIOTECA), Universidad Veracruzana, Av. de las    
  Culturas Veracruzanas 101,Col. E. Zapata, Xalapa, Veracruz, Mexico. E-mail: perezstaples@gmail.com; 
2 Instituto de Neuroetología, Universidad Veracruzana, Xalapa, Ver., Mexico; 3 Laboratorio de 
Investigaciones Ecoetologicas de moscas de la fruta y sus enemigos naturales (LIEMEN) PROIMI-
CONICET, Tucumán, Argentina.  

Background: The efficiency of the Sterile Insect Technique (SIT) targeting tephritid 
fruit flies depends not only on sterile males effective mating with wild females, but also 
on their ability to inhibit female remating. Remating by wild females can vary greatly 
between fruit fly species, both in mating frequency and time elapsed between matings 
(sexual refractory period). Remating inhibition can occur through sperm, products from 
the accessory glands (AGPs) or copulatory courtship. However, the mechanisms by 
which males inhibit female mating are still poorly understood. In particular, for the 
Mexican fruit fly, Anastrepha ludens, the role of AGPs in mating inhibition is unknown, 
or how AGPs are affected by mass-rearing and irradiation.  

Methods: Here, we studied if direct injections of male accessory glands inhibited female 
remating in the Mexican fruit fly, and whether irradiation, mass-rearing or male age 
affected female mating inhibition. We tested different doses of AGPs, and their effects 
on wild and mass-reared females.  

Results: Results suggest that wild, mass-reared or irradiated male AGPs do not inhibit 
female remating. Wild females are less likely to remate compared to mass-reared 
females, but a full ejaculate is needed to inhibit female remating. Sperm or copulatory 
courtship could play an important role in female mating inhibition.  

Conclusions: AGPs have been shown to have affect mating inhibition in Ceratitis 
captiata, Bactrocera tryoni and Anastrepha fraterculus. Thus, the effect of male AGPs 
should not be generalized throughout tephritids. Despite many studies on the sexual 
behaviour of tephritids, we still know little on processes occurring during the copula 
such as sperm and AGPs transfer. Understanding how AGPs modify female post-
copulatory behaviour can be useful in developing alternative control tactics such as the 
use of antiafrodisiac substances.   

Keywords: Sexual behaviour, Anastrepha, accessory glands, sperm 
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Led Zeppelin and the DNA Barcoding of Fruit Flies: “Stairway to 
heaven” or “Babe, I’m gonna leave you”? – A Pragmatic Approach 

towards Workable Solutions 
Massimiliano Virgilio and Marc De Meyer 

1 Royal Museum for Central Africa, Leuvensesteenweg 13, B3080 Tervuren, Belgium. 
E-mail:massimiliano.virgilio@africamuseum.be 

Background: One decade after the first paper on DNA barcoding identification, more 
than 2.5 million of DNA barcodes have been collected and included in the reference 
libraries of the Barcode of Life Data Systems. Yet, regardless this enormous effort, 
DNA barcoding still does not represent a standard and widely implemented procedure 
for the molecular identification (ID) of species. Defining workable and universally 
accepted protocols for DNA barcoding ID is a problematic task as performances of 
molecular ID vary across and within taxonomic groups, depending, inter alia, on the (1) 
taxonomic and geographic coverage of reference libraries, (2) occurrence of properly 
referenced records corresponding to species and (3) variable taxonomic resolution 
across species groups. A common approach to reduce ID errors is introducing a distance 
threshold that allows discarding IDs with "suspiciously high" genetic distances query - 
best reference match. We propose the use of ad hoc ID thresholds that can be calculated 
for the reference libraries of interest and that consider the estimated probability of 
having an established proportion of ID errors (e.g. 5%). 

Methods: Relationships between performances of DNA barcoding identification and 
distance thresholds were modelled in a number of insect reference libraries (Diptera, 
Lepidoptera and Hymenoptera) and had hoc distance thresholds calculated. A reference 
library for Tephritidae was also assembled, the corresponding ad hoc threshold 
calculated and then used for the DNA barcoding identification of independently 
collected tephritid interceptions. In order to automate the calculation of ad hoc distance 
thresholds, two R functions were published. 
Results: In all cases, more restrictive distance thresholds produced a gradual increase in 
the proportion of true negatives (i.e. misidentified and correctly discarded queries), a 
gradual decrease of false positives (i.e. misidentified but erroneously retained queries). 
More restrictive distance thresholds improved precision, yet negatively affected 
accuracy due to the larger proportions of discarded queries (viz. having a distance 
query- best reference DNA barcode above the threshold). According to the expectations, 
when the tephritid ad hoc threshold was used for the identification of interceptions, less 
than 5% of queries (with a distance query - best reference DNA barcode below the 
threshold) were misidentified.  

Conclusions: Ad hoc ID thresholds might provide a pragmatic answer to the DNA 
barcoding constrains listed above. Ad hoc thresholds can be calculated for each 
particular reference library of DNA barcodes and can be used as cut-off mark defining 
whether we should proceed identifying the query with a known estimated error 
probability (e.g. 5%) or whether we should discard the query and consider 
alternative/complementary identification methods.  

Keywords: DNA barcoding, distance threshold, reference library, species identification, COI 
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Resolution of Key Pest Members  
of the Bactrocera dorsalis Species Complex 

Anthony Clarke1, Karen Armstrong2, Bo Wang3, Laura Boykin2, Carlos Cáceres-
Barrios3, Stephen Cameron1, Toni Chapman4, Anna Chomic2, Anna Englezou4, 

Andrew Jessup4, Deborah Hailstones4, Mathew Krosch1, Mark Schutze1, Ishan Ul-
Haq3, Marc Vreysen3  and Viwat Wornoayporn3

 

1 School of Earth, Environmental and Biological Sciences, Queensland University of Technology, GPO 
Box 2434 Brisbane, Qld 4001, Australia. E-mail: a.clarke@qut.edu.au ; 2 Bio-Protection Research Centre, 
Lincoln University, Lincoln, Christchurch, New Zealand; 3 Insect Pest Control Laboratory, Joint 
FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, International Atomic Energy 
Agency, Seibersdorf, Austria; 4 NSW Department of Primary Industries, Elizabeth Macarthur Agricultural 
Institute, Menangle, NSW, Australia. 

Background: Bactrocera dorsalis (Hendel), B. papayae Drew & Hancock, B. 
philippinensis  Drew & Hancock, B. carambolae Drew & Hancock and B. invadens 
Drew, Tsuruta & White form a group of highly pestiferous sibling species within the B. 
dorsalis species complex. The native and invasive range of these species includes 
Africa, Asia, the South Pacific and South America. The biological species status of the 
taxa within the dorsalis complex, particularly of these pest species, has been a topic of 
considerable debate. We sought to resolve the debate by reassessing and accurately 
aligning the biological limits of these taxonomic species. 
Methods: An integrative taxonomic approach was used by applying multiple, 
independent species delimitation tools. These tools included pre- and post-zygotic 
sexual compatibility trials, phylogenetic and population genetic analyses, geometric 
morphometric shape analysis and traditional morphology and morphometrics. Our work 
is part of a larger collaborative effort undertaken within the framework of an 
FAO/IAEA CRP on resolving tephritid species complexes. 
Results: Results from multiple, independent species delimitation tests are consistent 
with the hypothesis that B. papayae, B. philippinensis and B. invadens are the same 
biological species as B. dorsalis, and hence should be revised as junior taxonomic 
synonyms of that species.  Phenotypic and genotypic differentiation occurs across the 
species’ ranges; however, such variation is consistent with population-level, rather than 
species-level, variation.  Genetic, mating and pheromone data for B. carambolae infers 
it is a different biological, albeit very closely related, species to B. dorsalis. 

Conclusions: Conclusions drawn from any single species delimitation tool (e.g. 
morphology, genetics or mating tests) used in isolation may be open to interpretation or 
criticism.  Greater confidence is obtained when several tools are independently applied, 
particularly when consistent results emerge from the different approaches. We are 
confident that the integrative taxonomic approach used for this economically important 
pest group has yielded a consistent message concerning the biological limits of the 
target taxa.  Proposed taxonomic name changes will facilitate increased regional trade in 
fresh commodities, ease quarantine restrictions, and enhance the application of infield 
controls such as the SIT. 

Keywords: integrative taxonomy, Oriental fruit fly, Invasive fruit fly 
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An Integrative Approach to Unravel the Ceratitis  
FAR Cryptic Species Complex 

Marc De Meyer1, Hélène Delatte2, Sunday Ekesi3, Kurt Jordaens1,2, Blanka 
Kalinová4, Maulid Mwatawala5, Gary Steck6, Joannes Van Cann7, Lucie 

Vaníčková4,8, Radka Břízová4 and Massimiliano Virgilio1 
1Royal Museum for Central Africa, Leuvensesteenweg 13, B3080 Tervuren, Belgium, E-mail: 
marc.de.meyer@africamuseum.be; 2CIRAD, St Pierre, La Réunion; 3International Centre for Insect 
Physiology and Ecology, Nairobi, Kenya; 4Academy of Sciences of the Czech Republic, Prague, Czech 
Republic; 5Sokoine University of Agriculture, Morogoro, Tanzania; 6Florida Department of Agriculture 
and Consumer Services, Gainesville FL, USA; 7University of Antwerp, Antwerp, Belgium; 8Federal 
University of Alagoas, Maceio, Brazil 

Background: An unambiguous species identification is a prerequisite for any 
fundamental or applied research. In the case of cryptic species complexes of 
economically important fruit flies, this is even more important for trading and surveying 
purposes. The Natal fruit fly (Ceratitis rosa) and its congeners C. fasciventris and C. 
anonae form such a species complex; referred to as the FAR complex.  

Methods: The aim is to use several disciplines, including larval and adult morphology, 
morphometrics, pheromones, genetics, cuticular hydro-carbons, biogeography, host 
plant range, developmental physiology, and pre- and postzygotic mating compatibility, 
to analyze the species boundaries within the FAR complex.  

Results: Populations from within the whole geographic range of the FAR complex 
species were studied using the different approaches. The majority of the results are in 
congruence with the currently accepted taxonomic recognition of the three nominal 
species within the complex. In addition, both C. fasciventris and C. rosa comprise two 
entities within each species.  
Conclusions: The three nominal species within the FAR complex should remain to be 
recognized as formal taxonomic units of specific status. Further evidence should be 
gathered to establish the status of the taxonomic units within C. fasciventris and C. rosa.  

Keywords: fruit flies, Ceratitis, cryptic species, integrative taxonomy 
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New Insights in the Definition of the Anastrepha fraterculus  
 Cryptic Species Complex  

Teresa Vera1, Solana Abraham1, Radka Břízová2, Carlos Cáceres-Barrios3, Nelson 
Canal, Rosario Castañeda4, Ruth Nascimento5, Janisete Silva6, Jorge Hendrichs7, 
Vicente Hernández-Ortiz8, Iara Joachim-Bravo9, Blanka Kalinová2, Kátia Lima 6, 

Anna Malacrida, Kelly Roriz9, Juan Rull8, Diego Segura1, Gary Steck11, Peter 
Teal12,  Lucie Vaníčková5 and Marc Vreysen3 

1Consejo Nacional de Investigaciones Científicas y Técnicas, Argentina. E-mail: tvera@faz.unt.edu.ar; 
2Institute of Organic Chemistry and Biochemistry, Czech republic; 3Insect Pest Control Laboratory, Joint 
FAO/IAEA Programme, Austria; 4Universidad del Tolima, Colombia; 5Universidade Federal de Alagoas, 
Maceio, Brazil; 6Universidade Estadual De Santa Cruz, Bahia, Brazil; 7Insect Pest Control Section, Joint 
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Background: Clear species definition, characterization and identification of the 
mechanisms underlying species recognition among conspecifics in the Anastrepha 
fraterculus cryptic species complex have several applied implications. Prezygotic 
isolation has consequences at the time of choosing the right strain to mass rear for SIT 
programmes. Host use has implications for trade, and availability of diagnostic 
characters has quarantine implications. The aim of this joint effort is to use an 
integrative approach to resolve the taxonomic status of this species. 
Methods: Methods involved using as many approaches as possible comprising 
morphology (eggs, larvae and adults), molecular tools, cytogentics, chemical ecology 
(pheromones and cuticle hydrocarbons), behavior and morphometrics. Special emphasis 
was placed in sampling and analyzing populations from the seven already described 
morphotypes.  

Results: The evidence gathered from populations throughout the geographic range of the 
complex indicates that previously reported population differences are correlated with 
reproductive isolation, mainly at the prezygotic level. This is corroborated by additional 
differences at the molecular, morphological and chemical profiles of the pheromones 
and cuticle and affirms the value of integrating different tools for species diagnosis. 
Conclusions: Anastrepha fraterculus populations exhibit a high degree of differentiation 
with some populations clearly distinct from others. Further research is needed in areas 
of coexistence of more than one morphotype and in areas where information is scarce. 
As a consequence, it is advisable to do the process of species definition and revision in a 
incremental approach. 

Keywords: Anastrepha fraterculus, cryptic species, integrative taxonomy 
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Past, Present and Future of Strain Development 
Marc F. Schetelig 

Head of the Fraunhofer Attract and Emmy Noether Groups, Project Group ´Bioresources´, 
Winchesterstr. 2, 35394 Giessen, Germany. E-mail: marc.schetelig@ime.fraunhofer.de 

Background: Fruit flies and mosquitoes are highly destructive agricultural pests and 
vectors of medical importance. The control of such insects is most effective within 
integrated pest management programs – a balanced combination of different control 
strategies. One of these strategies, the Sterile Insect Technique (SIT), is the most 
environmental-friendly pest control method available. 

Methods: The SIT is a biologically-based strategy that provides the most ecologically 
sound and efficient means for prevention and suppression of insect pest populations. 
SIT relies on overflooding of field populations with sterile males over successive 
generations, which render wild females non-reproductive, and thus suppress, if not 
eradicate, the targeted pest species.  
Results: Many current programs, however, are costly or not even possible because of 
two reasons: 
i)    the inability to eliminate females before male release (100% increase of costs 
during mass rearing) and, 
ii)   the mass rearing and use of radiation to sterilize males, which decreases their 
fitness and thus the efficacy of the program. 
This prevents the use of SIT for additional pest species and the application of 
existing programs in more countries. The ability to genetically manipulate fruit flies 
and mosquitoes subject to SIT now allows the use of tetracycline suppressible (Tet-
Off) early embryonic conditional lethality and sterility strategies to overcome both 
limitations.  

Conclusions: Different techniques and strains from the past, present and the future will 
be presented and discussed. 

Keywords: Sterile Insect Technique (SIT), Ceratitis capitata, Anastrepha suspensa, Aedes aegpyti, 
Transgenic embryonic sexing strain (TESS) 
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From Transgenesis to Functional Genomics: Novel Tools for the Study 
of Reproduction in a Severe Pest, the Mediterranean Fruit Fly, 

Ceratitis capitata 
Francesca Scolari, Ludvik M. Gomulski, Marco Falchetto, Mosè Manni, Paolo 

Gabrieli, Anna Malacrida and Giuliano Gasperi 
University of Pavia, Department of Biology and Biotechnology. Via Ferrata 9, I-27100 Pavia Italy; E-
mail: francesca.scolari@unipv.it 

Background: The Mediterranean fruit fly (medfly), Ceratitis capitata, was the first non-
drosophilid insect to be transformed, opening the way to the genetic transformation of 
many other pest species currently target of SIT programs. Now that medfly entered the 
‘omics’ era, large scale sequence datasets are available. These new resources enable 
more detailed analyses of complex biological processes underlaying the high adaptive 
potential of this global invader. The recent release of the genome will allow the 
discovery of new sequences (genes, promoters, regulatory elements) for novel 
biotechnological-based pest control. The aim of our research is to combine transgenic 
tools and transcriptomic/genomic resources for studying the reproductive biology of this 
species, fundamental for the development/implementation of efficient pest control 
programs. 

Methods: We studied sperm use mechanisms and the potential role of the male 
accessory glands (MAGs) secretions. To achieve this objective we used (i) the β2-
tubulin transgenic lines with fluorescently marked sperm to trace their fate within the 
female reproductive tract, and (ii) a transcriptome dataset from testes and MAGs to 
identify transcripts encoding putative secreted peptides that might elicit post-mating 
responses in females. We also generated testes-depleted males by knocking-down the 
expression of a germline-specific innexin gene essential for t reproductive tract 
developmen. Additional transcriptome datasets from adult heads and embryos were 
mined to identify genes responsive to mating and/or maturation and those involved in 
sex determination. 

Results: We found an initial sperm stratification within the medfly female fertilization 
chamber, followed by sperm mixing, in multiple mating assays. Several transcripts in 
the MAG transcriptome changed in abundance after one or more matings events, 
suggesting the presence of transcriptional switch points possibly related to the 
replenishment of transcripts encoding secreted proteins active in the seminal fluid. The 
sperm-less males were perfectly able to mate to virgin females and we found that 
presence of sperm is necessary to induce proper post-mating response at gene 
expression level and for faster setting-up of oviposition. We also identified genes 
involved in sexual maturation, mating, sex determination, sex differentiation, and pre-
cellularization/cellularization events such as Serendipity alpha2, which facilitated the 
development of an embryonic lethality system in the medfly. 

Conclusions: We developed large-scale datasets for novel studies on the reproductive 
biology of the medfly previously difficult to unravel. The identified genes may help the 
study of the evolution of the genome. The available genome sequence will also greatly 
help the identification of the complete transposon complement of the species, novel 
early/sex-specifically expressed genes/promoters and regulatory elements. These new 
tools will greatly contribute to deepen our understanding of the reproductive machinery 
in this pest, and thus to efficiently control it. 

Keywords: Ceratitis capitata, IPM, transgenesis, functional genomics, transcriptomics. 
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Population Structure of Ceratitis rosa Karsch in South Africa: Using 
Molecular and Morphological Markers to 
Estimate Gene Flow and Dispersal Ability 

Minette Karsten1, Pia Addison1, Bettine Jansen van Vuuren2  
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1Department of Conservation Ecology and Entomology, University of Stellenbosch, Private Bag  X1, 
Matieland 7602, South Africa. E-mail: minettek@sun.ac.za; 2Department of Zoology, University of 
Johannesburg, Johannesburg, South Africa 

Background: The Natal fruit fly, Ceratitis rosa, is an important polyphagous 
agricultural pest in South Africa. Unlike the Mediterranean fruit fly (Ceratitis 
capitata) its range is mostly restricted to Southern and Eastern Africa. South Africa 
currently implements different control techniques for both fruit flies which all require 
some level of information on the population structure and connectivity between 
different populations (locations). Control programs also rely heavily on limited 
dispersal of wild individuals between pest-occupied sites, while seeking high dispersal 
ability in mass-reared individuals. The overall population genetics and spatial genetic 
structure of the Natal fruit fly in South Africa is however not well understood. The 
identification of sites from which re-invasion is most likely to occur and knowledge 
regarding the primary routes through which pests are likely to re-establish are critical 
issues in effective control and area-wide pest management. 

Methods: To provide use fu l information to imp lement  pest control programs in 
Southern Africa, 30 C. rosa individuals from 23 locations throughout South Africa 
were sampled and genotyped at 16 polymorphic microsatellite markers. Wings from 
genotyped individuals were mounted on microscope slides, imaged and 14 type I 
landmarks were placed on each image. 
Results: Our results indicate: i)a lack of population genetic structure within each 
major morphotype, suggesting high levels of gene flow among sampling localities, 
and ii) the presence of genetic structure   between  the two morphotypes (R1  and  R2). 
Analysis of the wing morphometrics showed no clear differentiation between the two 
morphotypes. 

Conclusions: This high level of gene flow within each morphotype has important 
implications for pest management practices as it suggests that area-wide pest 
management should be undertaken at a broad, country-wide scale, rather than on the 
regional-or fine-scales that are currently employed. 

Keywords: Tephritidae, Natal fruit fly, microsatellites, geometric morphometrics, population structure 
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Genetic Structure Analysis of Three Kinds of Fruit Fly 
of Economic Importance in China 

Jiahua Chen, Nannan Zhang, Qinge Ji, Jianquan Yang and Minlin Zheng 
Fujian Agriculture and Forestry University, Fuzhou 350002, China. E-mail: jiqinge@yeah.net 

Background: Bactrocera dorsalis s.s. (Hendel), Bactrocera tau (Walker), Bactrocera 
cucurbitae (Coquillett), and Bactrocera scutellata (Hendel) are the most economic 
important pests in China. They cause serious loss every year in fruits, vegetables and 
fleshy flowers.  

Methods: We analyzed 12, 11 and 11 geographic populations of B. dorsalis, B. tau and 
B. scutellata, respectively, collected in the Southern Yellow River in China. 641bp, 
640bp segment of the mitochondrial cytochrome oxidase subunit-gene sequences, and 
the 826bp segment of the mitochondrial cytochrome oxidase subunit- gene sequences.  

Results: We found 90 variable sites in B. dorsalis, including 52 parsom-inform and 38 
singleton polymorphic sites. 33 haplotypes were detected, including 32 exclusive 
haplotypes and no shared haplotype. Genetic diversity was 0.998. Amova and 
phylogenetic analysis also indicated a conspicuous genetic differentiation among 
populations. In B. tau we detected 39 variable sites, including 7 parsom-inform and 32 
singleton polymorphic sites. 25 haplotypes were detected, including 23 exclusive 
haplotypes and 2 shared haplotypes. Genetic diversity was 0.946. Amova and 
phylogenetic analysis indicated conspicuous genetic differentiation among populations. 
In B. scutellata we found 56 variable sites, including 17 parsom-inform and 39 
singleton polymorphic sites. 29 haplotypes were detected, including 26 exclusive and 3 
haplotype. Genetic diversity was 0.974. Amova and phylogenetic analysis indicated 
conspicuous genetic differentiation among populations too.  

Conclusions: For B. dorsalis, the largest variation (FCT: 0.23678) occurred between the 
two populations（Jingzhou from Hubei and and Luoyang from Henan) and the 
remaining 10 populations; for B. tau, the largest geographic variation (FCT: 0.11909) 
occurred between the two populations (Guangzhou from Guangdong  and Jianshui from 
Yunnan) and the rest of 9 populations; for B. scutellata, the largest geographic variation 
(FCT: 0.09588) occurred between the two populations (Xiamen from Fujian and 
Saoguan from Guangdong) and the rest of 9 populations.The genetic variation within 
populations was higher than that one among populations for all three Bactrocera species 
in China. 

Keywords: Phylogenesis; Bactrocera dorsalis; Bactrocera tau; Bactrocera scutellat
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Bait Manufactured from Beer Yeast Waste 
and its Use for Fruit Fly Management 

Shanmugam Vijaysegaran 
Queensland University of Technology, School of Earth, Environmental and Biological Sciences, 
Brisbane, Queensland 4001, Australia. E-mail: vijayseg77@gmail.com 

Background: A bait manufactured from beer yeast waste has been widely used to 
control several species of pest fruit flies belonging to the genus Bactrocera (Diptera: 
Tephritidae) in smallholder as well as in larger commercial fruit and vegetable farms in 
Asia. The bait is manufactured from yeast (Saccharomyces sp.) waste obtained at the 
end of the beer brewing cycle from breweries. A two-step process involving heating to 
remove the alcohol and excess water, followed by enzyme treatment to fully autolyze 
the yeast cells contained in the waste, is carried out in stainless steel vats. Food-grade 
preservative is then added to the processed beer yeast waste to prevent spoilage and 
provide a shelf-life of up to 2 years. The processed bait contains about 12 -18 per cent 
crude protein and 18 - 25 per cent sugars, and it also has a fruity aroma derived through 
the beer fermentation process.  

Methods: Both laboratory and field trials have shown the bait to be equal or more 
attractive to several species of adult pest fruit flies compared to other commercially 
available protein baits. Commercial production of the bait has been established through 
an initial and older two-tank system at two locations in Vietnam, and subsequently 
through an improved and more efficient one-tank system with plants in Malaysia and 
Cambodia. 

Results: The bait in conjunction with the low volume application technique of only 10 
litres of bait mixture (1 litre of bait diluted in 9 litres of water) has provided impressive 
and consistent control of a number of species of fruit flies. In smallholder peach 
orchards in northern Vietnam infestation by two species of fruit flies, Bactrocera 
dorsalis (Hendel) and B. pyrifoliae Drew & Hancock, was reduced from 100% to less 
than 4% within one season and the industry was revived. In the Mekong Delta in south 
Vietnam, infestations in Barbados cherry orchards (Malphigia glabra) by B. dorsalis 
and B. correcta were reduced from over 70% to less than 4%. The bait is now widely 
used by sapota, guava and dragon fruit farmers as well. When the bait is used in 
conjunction with the male annihilation technique, the resultant damage to fruits is even 
lower. In Bangalore, India, the bait has been used in conjunction with cue-lure blocking 
and crop hygiene to reduce damage in gherkin to less than 0.3 % as required by the 
export market. The bait is currently being tested in Area-wide fruit control programs for 
B. dorsalis (= B. papayae) and B. carambolae Drew & Hancock infesting mango in 
Indonesia, and for B. dorsalis and B. correcta (Bezzi) infesting dragon fruit in Vietnam.  
Conclusions: In many countries in Asia where fruit flies are the major obstacle to the 
successful establishment of horticultural industries, the availability of locally produced 
bait in conjunction with a low volume application technique has been a major 
development in the region for pest fruit flies to be managed effectively. In addition the 
low volume spot spray application technique has minimal impacts on beneficial and 
non-target organisms, is generally safe to applicators, and most importantly has 
provided a safe and viable alternative to the traditional and less desirable method of 
using cover sprays of insecticides for fruit fly control. 

Keywords: Beer yeast waste, protein baits, Bactrocera species, Area-wide management  
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Background: The chemical ecology of tephritid fruit flies represents a broad field that 
deals with many aspects of the life history of the species. A major focus has been the 
development of semiochemical lures and attractants for tephritids. However researchers 
are now gaining a better understanding of the chemical ecology of these species. Central 
to an improved understanding is our increased knowledge of the physiology and 
ecology of tephritids, specifically the influence of physiological state and how 
kairomones influence behavior. Similarly, improvements in our understanding of fruit 
fly chemoreception and chemical organic synthesis is allowing us to develop new and 
improved lures for detection, delimitation and control. 

Methods: Studies on fruit fly ecology, physiology and behavior form the basis for 
developing improved lures and attractants. Organic synthesis methods have improved 
our ability to synthesize molecules, which allows testing of a wider array of materials. 
Results: Researchers studying basic chemical ecology of fruit flies have strengthened 
our knowledge of the field. Examples include the exploration of the basis of attraction 
for some of our best known parapheromones (e. g., methyl eugenol), the roles of 
physiological state (hunger, mating status, oviposition) in attraction, and basic 
chemoreception. Development of new formulations has provided improved delivery 
systems for attractants. The development of new synthetic analogs and new uses of 
attractants for control have led to reevaluating conventional paradigms.  

Conclusions: Future research should not only continue the mix of basic and applied 
research on fruit flies but also explore multimodal communication systems such as 
sound, vision and gustation in order to improve the application of chemical ecology to 
solve real-world pest control. 

Keywords: Chemoreception, behavior, physiology, attractants, lures, ecology 
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Responses of Dacini Fruit Flies to Novel Phenylpropanoids 
in Australia and Papua New Guinea 

Jane Royer 
Department of Agriculture Fisheries and Forestry, 21 Redden St, Cairns, Queensland, Australia. E-mail: 
janeroyer9@gmail.com 

Background: The male lures cue-lure (Cue) and methyl eugenol (ME) attract more than 
half of the known Dacini fruit fly species and have been used successfully in fruit fly 
monitoring and control over the last 50 years. Among the fruit flies species that don’t 
respond to these lures are several pest species and, without a lure, monitoring and 
control is difficult. Zingerone, a phenylpropanoid found in orchids, was found to weakly 
attract both Cue- and ME-responsive fruit fly species in Malaysia. In Australia it was 
found be an effective attractant for several ‘non-responsive’ fruit fly species including 
the minor pest Bactrocera jarvisi (Tryon). Other chemical compounds had been tested 
at one site in northern Australia several years ago and were found to attract other non-
responsive fruit fly species as well.  

Methods: The most promising phenylpropanoids were field tested more widely in north-
east Queensland and in Papua New Guinea (PNG), areas of high Dacini fruit fly 
diversity with over a 100 and 200 species respectively. Lures were applied to dental 
wicks with the toxicant maldison, set in Steiner traps, and tested in comparison with 
Cue and ME. Catches were cleared weekly to fortnightly for nine months in Australia 
and four months in PNG. 
Results: The phenylpropanoids tested were found to consistently attract several species 
that previously had no known lure response. Several species responded to more than 
one lure with varying degrees of attraction to each lure. Cue- and ME-responsive flies 
also responded to the compounds though generally more weakly than to their respective 
lures.  

Conclusions: This study reinforces that Dacini male lure response is more complex than 
the previously held belief that fruit flies are either Cue responsive, ME responsive, or 
are not responsive to male lures. Instead, it was found that fruit flies can have varying 
responses to a number of lures. 
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Effect of Methyl Eugenol Consumption by Male Bactrocera umbrosa 
Fabricius (Diptera: Tephritidae): Implications on Sexual Attraction, 

Maturation, and Mate Selection 
Suk-Ling Wee1 and Alvin Kah-Wei Hee2 

1School of Environmental and Natural Resource Sciences, Faculty of Science and Technology, Universiti 
Kebangsaan Malaysia, Bangi 43600, Selangor Darul Ehsan, Malaysia. Email: slwee@ukm.edu.my 
2Department of Biology, Faculty of Science, Universiti Putra Malaysia. 

Background: The Artocarpus fruit fly, Bactrocera umbrosa Fabricius, is an 
oligophagous fruit pest infesting fruits from the family of Moraceae, including 
jackfruit (Artocarpus heterophyllus Larmarck), a high value fruit commodity in 
Malaysia. The scarcity of fundamental information on this pest, needed for behavioural 
manipulation for effective pest management, led to studies on this much underrated 
pest.  

Methods: Wind tunnel bioassays, laboratory and field cage observations were used to 
evaluate the male behavioural response to methyl eugenol (ME) and effects of ME on 
the male-female and male-male attraction and interactions. 
Results: The response of B. umbrosa males to ME was shown to increase concomitant 
with age, beginning at 7 days after adult emergence (DAE) (22.2%). More than 50% 
of males at 10 DAE were attracted to ME despite the fact that no mating was 
observed at this age based on the first-mating experiment. Subsequent observations 
revealed that the trend of male attraction to ME, which peaked from 10-27 DAE, 
corresponded with the sexual maturity of this species, although the overall mating 
percentage for the fly in captivity was low (30%). During the courtship period, female 
sexual attraction to calling males increased concomitant with the decrease in light 
intensity during dusk. Earlier onsets and higher percentages of female attraction to 
males were observed for ME-fed males compared to ME-deprived males in wind 
tunnel assays. ME feeding also promotes aggregation behaviour of males in both wind 
tunnel and field cage assays. In the field cage, ME-deprived males were not only 
attracted to the ME-fed males, but also appeared to feed on their anal secretions.  
Conclusions: Earlier ME response in view of the ecological significance of ME in 
the chemical ecology of B. umbrosa could be further exploited for future 
management and control strategies of this economically important pest. 
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mailto:slwee@ukm.edu.my


 
 
 
 
 
 
 
 
 
 
 

Session 6 
Control Methods 

and Supporting Technology  

 



 



12-16 May 2014, Bangkok, Thailand | 59 

Use of Male Annihilation Technique for control of pest species in the 
Bactrocera group on Mainland Africa 

Aruna Manrakhan1, Timothy Grout1, Jan-Hendrik Venter2, Tertia Grove3 
and Christopher Weldon4 

1Citrus Research International, PO Box 28, Nelspruit 1200, South Africa. E-mail:aruna@cri.co.za;  
2Department of Agriculture, Forestry and Fisheries, Pretoria, South Africa; 3Agricultural Research 
Council-Institute for Tropical and Subtropical Crops, Nelspruit, South Africa; 4University of Pretoria, 
Department of Zoology and Entomology, Pretoria. 

Background: Fruit fly pest species in the Bactrocera group, particularly those 
responding to the male attractant methyl eugenol, can be effectively suppressed by the 
male annihilation technique (MAT). In MAT, the male fruit flies are targeted through 
deployment of stations or substrates containing a mixture of male attractant and an 
insecticide. The aim of MAT is to realise high levels of male kill thereby reducing the 
number of matings and fruit fly population level. The use of MAT on mainland Africa 
for suppression of recently introduced methyl-eugenol responding Bactrocera pest 
species is increasingly being considered and used. 

Methods: In South Africa, the use of MAT in combination with protein bait application 
and orchard sanitation was effectively used to control Bactrocera invadens in the 
northern regions. The male annihilation method most commonly used and trialled so far 
for B. invadens control was the use of wooden fibre board blocks impregnated with 
methyl eugenol and malathion. Other male annihilation methods such as Specialised 
Pheromone and Lure Application Technology (SPLATTM) containing methyl eugenol 
and spinosad and gels containing methyl eugenol and permethrin have recently been 
registered on an emergency basis for B. invadens control in South Africa. 

Results: The efficacy of these different methods for B. invadens control is being 
investigated in South Africa. 

Conclusions: The use of MAT for control of Bactrocera pest species in Africa is 
expensive given that the parapheromones have to be imported. As such, only effective 
and affordable male annihilation methods for control of Bactrocera pest species would 
eventually become more widely used on the continent. 

Keywords: Bactrocera, parapheromones, male annihilation technique 
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Detection of Bactrocera dorsalis (Hendel) 
in Mauritius and Rapid Response 

Preeaduth Sookar, Shradanand Permalloo, Malini Alleck, Indranee Buldawoo, 
Mooslim Mosaheb, Pradeep Nundloll, Sonia Ramjee, Nadeem Ahseek, Nazeer 

Allymamod, Mahen Rambhunjun, Fazilla Khayrattee and Nausheen Patel 
Ministry of Agro Industry and Food Security, Agricultural Services, Entomology Division, Reduit, 
Republic of Mauritius. E-mail: psookar@mail.gov.mu 

Background: The first detection of Bactrocera dorsalis in Mauritius was in 1996 and it 
was successfully eradicated. The second detection was on 08 March 2013 in an orchard 
in the north of the island where one male B. dorsalis was caught in a methyl eugenol 
baited trap.  

Methods: Early detection has been possible owing to the on-going fruit fly surveillance 
programme since 1994. The day following a detection in 2013, the protocol for 
eradication of B. dorsalis was implemented: declaration of a quarantine area of 5 km 
radius from the detection site, placement of dry and wet traps, application of protein bait 
sprays, placement of male annihilation technique devices, fruit stripping, fruit clean up, 
disposal of infested fruits, and collection and incubation of fruits and vegetables in a lab 
room.  

Results: Four male flies were detected in the north during the months of March and 
April 2013. The eradication measures were maintained for a period of two months 
following the last detection. Since there was no detection in July 2013, the control 
operations were stopped while fruit fly surveillance was maintained for a further period 
of 12 weeks. B. dorsalis has now been declared eradicated in the north. However, in 
April 2013 B. dorsalis was detected in a methyl eugenol baited trap in the western part 
of the island. As a result, the protocol for eradication has been initiated. The last 
detection in the west dates back to 22 November 2013. 

Conclusions: The population of B. dorsalis did not explode during the mango harvesting 
season which started in November 2013 and would last for 4 months. The eradication 
measures in the west will be pursued for a period of 4 months following the last 
detection.  

Keywords: Bactrocera dorsalis, eradication, male annihilation technique, surveillance, methyl eugenol 
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Area Wide Management of Ceratitis capitata in Fruit Trees in Israel - 
Successful Implementation and New Challenges 

Miriam Silberstein1, Lea Sella2, Smadar Aidlin-harari1, Opher Mendelsohn3 
and Valerie Orlov1 

1Northern R&D / MIGAL, P.O.B. 1012 Pardess-Hanna 37100' Israel. E-mail: miriams@migal.org.il; 
2IPM "Moshvot Hashomron"; 3"ScanTask" company 

Backgrounds: Israeli deciduous fruit trees' farming is chachterized by small plots (0.2-
1.0 ha each) of variable fruit species, owned by many small farmers, and large plots 
(40-80 ha each) with a single crop, owned by large farmers. Suitable climate 
conditions and available hosts enable year round activity of Ceratitis capitata 
Wiedemann (medfly). Historically, medfly control strategy was based on local 
treatments, without consideration of neighboring orchards or the wild hosts. This 
strategy was effective as long as the active chemicals were mostly Organophosphates 
(OP). Since farmers had to decrease the use of OP and increase practicing of 
environmentally friendly techniques, continued use of locally based pest management 
contributed to a dramatic increase in medfly population and their potential damage. 

Methods: The selected solution was an upgrade to area wide management (AWM) on a 
regional level, based on recent developments in environmentally friendly technologies 
and accessible computerized information systems. It includes a decision support 
system (DSS), based on FTD (Flies\Trap\Day of males or females), fruit phenology 
and infection rate, climatic data, and farmers' cooperation. It became practical with 
good results thanks to centralized on-line data management system –"AgriTask", 
developed by "ScanTask" company 
Results: The Israeli AWM Project includes 8,000 hectares, divided to 15,000 individual 
plots, cultivated by hundreds of farmers. The major concept changed from OP 
applications to mass trapping (attract and kill), enforced complete sanitation after 
harvest and necessary cover sprays according to D.S.S. recommendations. (It has to 
be mentioned that medfly control concept in Israel is to keep low population with 
minimum environmental damages). 
Conclusions: Our accumulated experience shows that the classical decision support 
parameters are often not sufficient. For example: how good is the correlation between 
FTD and actual fruit infection? Is fruit monitoring a useful parameter? How to 
identify and respond to "hot spots" (distance and intensity) in the AWM? Our preset 
effort is to improve the medfly control D.S.S. parameters in the area wide strategy. It 
is a long, but necessary process. 

Keywords: Mediterranean fruit fly, Ceratitis capitata, Area Wide Management 
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Integrated Pest Management of Fruit Flies on Rose Apple in Thailand 
Sunyanee Srikachar, Wipada Plodkornburee and Kriengkrai Jumroenma 

Plant Protection Research and Development Office, Department of Agriculture, Chatuchak, Bangkok, 
Thailand. E-mail : sunyaneesrikachar@gmail.com 

Background: Rose apple (Syzygium jambos) is one of the most popular, nutritionally rich 
fruits with unique flavor, fragrance, taste, and health-promoting qualities. It has great 
economic value and export potential. However, the rose apple is a highly perishable fruit 
because it has thin skin and soft flesh. Therefore, it is considerably susceptible to fruit fly 
infestation. Rose apples might suffer significant damage of up to 100% if there are no 
appropriate control measures in place. The objective of this research is to increase the quality 
of rose apple using many integrated control measures of fruit flies. 

Methods: The integrated control study of fruit flies on rose apple was implemented in both 
the laboratory and in rose apple orchards located in the Nakhon Pathom province and 
Ratchaburi province from September 2007 to October 2012. We divided the study into 4 
steps: 1) surveying of fruit fly species on rose apple and scrutinizing the ecology and biology 
for dominant species, 2) examining the seasonal abundance of fruit flies on the orchards, 3) 
studying the fruit flies suppression technology, and 4) transferring the promising technology 
to farmer. 
Results: Our results revealed that among approximately 2-3 fruit fly species, Bactrocera 
dorsalis was considered to be the most dominant on rose apples. At 23±1 oC adult females of 
B. dorsalis became receptive to courting males approximately 8 days after emergence. Each 
female was capable of laying 597.3±62.4 eggs during its life span and average hatchability 
was 87%. The incubation period was around 48.0±10.9 hours. The larval stages lasted 
6.1±0.3 days. The pupation period lasted 9.2±0.4 days. Adult females and males were able to 
survive for 95.0±11.9 days, and 97.5±9.3 days respectively. The survival ability from egg to 
the adult stage was 38% on average. The 1st larval instar suffered a high mortality rate 
of31.0%. Steiner traps employed in the rose apple orchards revealed a high population of fruit 
flies during the fruit setting stage, then an increase and a peak around the harvest period. Rose 
apples appear to be highly susceptible about 21 days after stamens fell off, therefore we 
consider a suitable time for bagging the fruits about 14 days after stamens fell off.  
Comparison of four different materials suggest that white plastic bags of a thickness of 12.5-
15 microns , as well as polyester bags are satisfactory for fruit protection. Parasitisation levels 
of 2-9% by two wasp species, Diachasmimorpha longicaudata and Forpius arisanus, were 
present in the orchards. 
Conclusions: Based on this research, we recommend rose apple farmers to apply several 
measures to control fruit flies including (1) sanitizing orchards (2) using methyl eugenol for 
monitoring fruit fly population (3) using protein bait every 7 days for killing adult male and 
female, and (4) wrapping rose apple fruits with suitable bag 14 days after stamens fell off. 

Keywords: Integrated control, Bactrocera dorsalis, Rose apple 
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Technical Competition and the Fate of Augmentative Biological Control 
John Sivinski 

United States Department of Agriculture, Agricultural Research Service, 1600 SW 23rd Dr., Gainesville, 
Florida USA, Email: John.Sivinski@ars.usda.gov 

Background: The Sterile Insect Technique (SIT) is the present standard for area-wide 
suppression and eradication of tephritids. While augmentative releases of parasitoids 
can effectively lower populations of pests, its need for immature fruit flies as hosts puts 
it in competition with SIT. Simply put a parasitoid must be more effective, or fulfill a 
different purpose, than the sterile insect its host would have become in its absence. A 
handicap faced by augmentation in this competition is the inevitably greater cost of 
higher-trophic-level mass-rearing.  

Conclusions: Several techniques have been developed, or are under investigation, to 
lower production/release costs of parasitoids. These include: host-irradiation to provide 
all-parasitoid cohorts and reduce handling; separation of female larvae to use as hosts; 
exploration for more efficient species of parasitoids; synthetic oviposition stimulants; 
synthetic attractants to monitor survival and dispersal; and all-female strains of 
parasitoids. While augmentation techniques are improving, SIT continues to evolve. For 
example, fruit fly sexing-strains can eliminate cheap female hosts for parasitoid rearing 
and techniques such as radiation pretreatment, improved diet, exposure to juvenile 
hormone and  various plant-derived oils and new “sterility” inducing techniques like 
conditional-lethality all improve  the efficacy and competitiveness of SIT. In the future, 
other forms of “sterility” induction such as detrimental sex-specific genes within 
mitochondrial genomes and Y-chromosome drives could revolutionize the practice of 
SIT.  However, even in the case of a “triumphant” SIT there are still niches for 
augmentation: parasitoids are most effective at high pest-densities and could be used as 
substitute for the insecticide bait-sprays applied prior to SIT; combined SIT and 
augmentation may generate synergistic mortality; and fly free zone-grower concerns 
about misidentified sterile flies are assuaged by parasitoid releases. While the arms-race 
between SIT and parasitoid augmentation accelerates, new techniques could ultimately 
replace both. In particular, host-plant resistance (both naturally-occurring and GMO) 
requires less expensive infrastructures and may represent the real future of fruit fly area-
wide control.  

Keywords: Sterile Insect Technique, host-plant resistance, parasitoids 
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Autodissemination and Pathogen Dynamics in Bactrocera invadens 
Drew, Tsuruta & White: Screening, Horizontal Transmission and  

Suppression in a Mango Agroecosystem 
Sunday Ekesi, Samira A. Mohamed, Fathiya Khamis and Nguya K. Maniania 

International Centre of Insect Physiology and Ecology (icipe), Nairobi, Kenya. Email: sekesi@icipe.org 

Background: In Africa, fruit and vegetable production plays an important role in 
achieving nutritional and food security. However, a major problem affecting production 
of quality fruits is infestation by fruit flies. Biological control using fungal-based 
biopesticides has been proposed as an important component of an IPM strategy. 
Autodissemination of fungal conidia is an attractive strategy for insect pests such as 
fruit flies that respond to visual and olfactory stimuli. In this strategy, Bactrocera 
invadens are lured to a focal point containing the pathogens. Conidia spores are picked 
up by the flies and disseminated amongst the target population leading to a reduction in 
the pest population density and resulting damage to fruits.  

Methods: We evaluated this management method by screening and selection of the most 
virulent fungal isolates for suppression of B. invadens. We also evaluated mass 
production characteristics of candidate isolates, conducted horizontal transmission 
studies among sexes, assessed the effect of infection on fecundity and egg viability and 
carried out field suppression trials using varying densities of autoinoculators charged 
with conidia of Metarhizium anisopliae ICIPE 69 for the suppression of B. invadens on 
mango. 

Results: Three M. anisopliae isolates (ICIPE 18, 62 and 69) were identified as the most 
effective against adult B. invadens, with high mortality and a rapid speed of kill.. 
Evaluation of the performance of the three isolates on different liquid media for mass 
production revealed that ICIPE 69 was superior to other isolates for  production indices 
measured on Jenkins-Prior and APU1 media. Horizontal transmission among 
“recipient” and “donor” flies resulted in 83-100% mortality, 5-10 days post-infection. 
There was an effect of fungal infection on fecundity and egg hatch (reduced by 31-44% 
relative to control). On the basis of these results, a commercial formulation of M. 
anisopliae ICIPE 69 marketed as Campaign® in Africa was field-tested over two 
seasons against B. invadens on mango in coastal region, Kenya. Campaign® was 
applied at the rate of 25-100 g ha-1 using a Methyl eugenol-baited Lynfield trap as the 
autoinoculator. Compared with the control, the biopesticide significantly reduced the 
density of male and female B. invadens in a mango orchard. During the two mango 
seasons, mycosis in males ranged from 70-92% while females incurred 52-76% fungal 
infection. Percentage fruit infestation by fruit flies ranged from 11-28% in biopesticide 
treated plots, compared with 51-62% in control plots. 

Conclusions: The significant reduction in the fungal treated fruit fly population and 
reduction in mango damage demonstrates the potential role of biopesticides in fruit fly 
IPM in Africa. 

Keywords: Metarhizium anisopliae, Bactrocera invadens, autodissemination, suppression, mango 
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Towards a Rapid Identification Technique for Immature Parasitoids 
Olivia Reynolds1, Cheryl Jenkins2, Jessica Smart1 and Shayne Fell2  

1 Graham Centre for Agricultural Innovation (NSW Department of Primary Industries and Charles Sturt 
University), Elizabeth Macarthur Agricultural Institute, Menangle, NSW 2568, Australia;  
2 Department of Primary Industries, Elizabeth Macarthur Agricultural Institute, Menangle, NSW 2568, 
Australia.  

Background: Globally, pest fruit flies (Diptera: Tephritidae) attack a wide range of 
commercial fruit and vegetable crops and pose a significant biosecurity threat to 
domestic and international trade. In several regions of the world, inundative and/or 
augmentative releases of parasitoid wasps (Hymenoptera: Braconidae) as part of an 
integrated pest management program have been successfully used for the control of fruit 
flies. Despite their use as biological control agents, most opiine parasitoids have never 
been subjected to molecular characterisation.   

Methods: In this study, we sequenced genetic markers from four parasitoid species of 
Bactrocera tryoni (Froggatt) found in Australia and effectively used in control programs 
worldwide: the native Diachasmimorpha tryoni (Cameron) and D. kraussii (Fullaway) 
and the introduced D. longicaudata (Ashmead), and Fopius arisanus (Sonan).  

Results: Sequence data from the COI and 28S D2 regions indicated that 
Diachasmimorpha spp. form a phylogenetically coherent group, consistent with current 
morphological taxonomy. The morphologically distinct F. arisanus clusters outside of 
this group.  PCR-RFLP assays for the COI regions were effectively evaluated against 
DNA from all four adult parasitoids and B. tryoni larvae exposed to adult female D. 
tryoni.  The COI PCR-RFLP proved a specific and sensitive assay with a detection limit 
of 1.8 pg of D. tryoni DNA.   
Conclusions: The assay developed in this study has potential for use in biological 
control programs that utilise Diachasmimorpha spp. or F. arisanus and could be used in 
several circumstances where a rapid result may be required for within-host detection of 
immature parasitoids, thus avoiding the laborious and lengthy rearing and dissection 
processes involved with morphological identification. These include examining host 
and parasitoid movements and monitoring the success of augmentative fruit fly control 
programs. 
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Bane or Boon? The Effect of Weaver Ants 
on Mango Fruit Flies and their Parasitoids 

Valentina Migani1,2, Sunday Ekesi2 and Thomas Hoffmeister1 

1 Institute for Ecology, FB 2, University of Bremen, Leobener Str., D- 28359, Bremen, Germany.  E-mail: 
migani@uni-bremen.de; 2 International Centre for Insect Physiology and Ecology (icipe), Nairobi, Kenya. 

Background: In sub-Saharan Africa, Bactrocera invadens, an exotic fruit fly, and 
Ceratitis cosyra, a native species, are known as primary pests of mango causing up to 
80% of yield losses. Two species of parasitoids, Fopius arisanus and Diachasmimorpha 
longicaudata, attacking egg and larval stages respectively, have been introduced to 
control the flies and reduce the infestation. In Western Africa, the African weaver ant 
(Oecophylla longinoda) is effective in reducing mango crop losses. However, the 
mechanisms involved in this control are still not clear. Moreover, as generalist predators 
of insects, weaver ants might interfere with parasitoids. Understanding the effects of 
weaver ants on pest control and intraguild interference with beneficial insects will be 
crucial for improved guidance of the fruit fly control programme in sub-Saharan Africa. 
Therefore, we studied if and to what extend weaver ants interfere with the oviposition 
behavior of flies and their parasitoids. 
Methods: Trials were carried out under semi-field conditions, with a colony of weaver 
ants connected to a cage where either a fruit fly or parasitoid female, previously 
experienced with oviposition, was released. Continuous observation of the fly/parasitoid 
behaviour was carried out for half an hour, recording interactions with the ants. Control 
experiments were carried out in the same conditions, but with no ants.  

Results: Weaver ants negatively impact the time a female spends on the fruit both for 
flies (p < 0.001) and parasitoids (p < 0.001). Oviposition events were significantly 
reduced in the presence of ants for both flies (p < 0.001) and parasitoids (p < 0.001). 
Conclusions: Weaver ants reduce oviposition events by the fruit flies because they 
actively interfere with the fly behaviour, thus they can be a suitable biological control 
agent for these pests. However, as weaver ants also interfere with the oviposition 
behaviour of the parasitoids, they can reduce the efficiency of these biological control 
agents and impact the establishment of the parasitoid population in the field. 

Keywords: biological control, interference, Oecophylla longinoda, Tephrididae. 
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Management of Dormancy: A Review and Discussion of Importance for 
Biological Control Programs Including SIT 

Daniel A. Hahn 
University of Florida, Department of Entomology and Nematology, Gainesville FL, USA. P.O. Box 
110620, Gainesville FL 32611-0620. E-mail: dahahn@ufl.edu 

Background: Biological control applications based on the use of sterile insects and 
natural enemies are sustainable and environment-friendly control methods that are 
increasingly being used against pest insects.  Dormancy is an integral component of 
many insect life cycles, wherein insects enter a state of developmental or reproductive 
arrest to avoid adverse conditions and synchronize their populations with favourable 
conditions. Dormancy responses are an obstacle to the effective implementation of mass 
rearing in many cases. The ability to manage dormancy could facilitate the development 
of new pest control programs that are currently constrained by species dormancy 
characteristics. Dormancy management could also offer opportunities to carefully time 
the supply of mass-reared insects upon demand and to enhance product quality. 
Specifically, dormancy management could enable effective mass rearing of insects that 
require dormancy, the ability to stockpile and mobilize them upon demand, maintenance 
of the genetic integrity of strains, and mitigating the stresses of sterilization, product 
shipment, and release. However, there is a clear gap in knowledge of the roles and 
mechanisms of dormancy on life cycle synchronization or stress resistance in sterile 
insects and natural enemies.  
Methods: Here I identify several gaps in our knowledge of the regulation of dormancy 
that prevent application to control programs.  
Results: I will illustrate several current problems and new opportunities using both 
examples from work in my lab on the Rhagoletis pomonella species complex and other 
examples taken from a recent FAO/IAEA-Coordinated Research Project (CRP) in 
Dormancy Management.  
Conclusions: Understanding dormancy responses may lead to novel pest management 
tools, such as stockpiling of biological control agents for release at appropriate times, 
facilitation of mass rearing programmes providing the possibility to expand the 
biological control methods for other pests, and the ability to disrupt dormancy in the 
field.  

Keywords:  Diapause, Cryopreservation, Storage, Mass-rearing, Seasonality  
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New Mediterranean Fruit Fly Emergence and Release Facility 
at Tapachula, Chiapas, Mexico 

José Luis Zavala, José Manuel Gutiérrez-Ruelas, Edgar Miguel Cotoc Roldan 
and Lucy Tirado 

Mediterranean fruit fly Program. Kilómetro 19.8 carretera Tapachula-Puerto Madero, Predio el Carmen, 
Cantón Leoncillos, Tapachula, Chiapas, México. CP 30832. E-mail: 
joseluis.zavala@programamoscamed.mx 

Background: Sterile Insect Technique (SIT) programmes have two main areas of 
activity. First, the mass-rearing of insects which is a specialized activity and any 
variation has a significant impact on the quality of reared insects. Second, the post-
production activities, involving packing, emergence, holding and release of sterile flies, 
is also a specialized procedure and requires similar but different needs, like demands for 
space and movement of adult flies. 

Methods: A multidisciplinary group of experts on SIT, industry and construction was 
formed to design a new fly emergence and release facility, having in mind, the needs of 
the programme and the best available technology. The construction of fruit flies fly 
emergence and release facility, should include, among others: a) selection of the site, 
should be strategically within the working area, accessible, close to airport and basic 
services available, b) Design of the building, logical working flowchart, packing 
system, capacity and equipment.  

Results: The new Mediterranean fruit flies fly emergence and release facility has a 
capacity to manage 1200 million flies, per week. It has been designed with state of the 
art technology to control environmental conditions like, temperature and humidity to 
guarantee an optimal development of the flies in each one of the areas: reception of 
pupae, 12 fly emergence rooms, 4 chill rooms, diet preparation and quality control 
rooms. Maintenance, warehouse and water treatment areas were taken into 
consideration, as well as an energy saver system. The packing system is conducted with 
the specially designed Mexico tower type, which assures a better quality and 
management of the biological material, the amount of pupae per tray is distributed by 
specific equipment for an accurate weight and 2 conveyor bands. The Mexico tower 
type is conformed to 16 trays, having each one, 2 devices with 40 g of food, 2 plastic 
resting areas, a pillow to supply water and a pupae container to hold 65,000 pupae. Air 
conditioning system includes integrated equipment of 25 tons of refrigeration, 
dehumidifier with a capacity of 60 l/day, especially designed to control the 21-23 oC 
needed in each of the fly emergence rooms. Cold rooms are equipped with three 48,000 
BTU air conditioning compressors and six 24,000 BTU evaporators, as well as one 
1400 m3/h air dehumidifier. Materials used in this fly emergence and release facility are 
reusable and because of that, an especially designed industrial washing machine is used 
to clean them. 
Conclusions: The conditions under which the fly packing activities are conducted are as 
relevant to the overall success of the SIT activities as those of the production of high 
quality sterile insects. Attention at the fly emergence and release facility should include 
the needs of the flies in each one of the different areas as well as the impact of the 
activities to the environment. 

Keywords: Ceratitis capitata, environmental conditions, fly emergence, fly handling 
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Micro-SIT: A Novel and Sustainable Control 
for Ceratitis capitata in Israel 

Gal Yaacobi1 and Yoav Gazit2 

1Biobee, Sde Elyhu ACS, Mayanot valley, Israel Email: galy@bio-fly.com; 2The “Israel Cohen” Institute 
for Biological Control, Plant Production and Marketing Board, Yehud-Monosson, Israel 

Background: Several sterile insect technique (SIT) projects for the control of the 
Mediterranean fruit fly, Ceratitis capitata have shown SIT to be cost-effective and 
sustainable controlling strategy. Usually SIT projects have been implemented in very 
large scales (thousands ha and more). In many cases however, only small projects, farm 
based scale with geographical and sociological specific adaptations may be considered. 
During the last five years, a novel commercial “Micro-SIT” was implemented in Israel. 
The objectives of the Micro-SIT were to study the feasibility of executing SIT on that 
scale. 

Methods: Four Micro-SIT projects are carried out in Israel: ‘West-Negev’ and ‘Beit 
Shean’ on 1,500 ha and 300 ha of citrus orchards, respectively, ‘Lachish’ on 700 ha of 
table grapes and ‘Golan’ on 1,500 ha of deciduous groves. The implementation is based 
on: (a) a sensitive monitoring system consisted of Jackson traps with trimedlure for 
males and Tephri traps using the female-biased attractant Biolure, indicates the level 
and trends in the wild population, the condition of the released sterile flies, the 
dispersion capability and the sterile/ wild ratio; (b) a dynamic and differential release of 
sterile flies with local adjustments due to pest densities; (c) an intensive fruit inspection 
to detect both, sanitation problems and the presence of fertile flies; (d) strict sanitation 
during or immediately after picking, aiming to a level of less than 0.01 infested 
fruit/tree; (e) restricted baited insecticide applications (GF120) to control outbreaks. 

Results: After 5 years of implementation, the Micro-SIT methodology showed in 
commercial orchards a significant (more than 1/50) reduction in pesticide use and long 
term control of pest population. In all citrus projects the presence of fertile flies was 
very low (Lower than 0.5 fly per trap per day) the detection of infested fruit was very 
scars (less than one fruit in 10 ha) and the commercial production was free of any 
medfly damages.  

Conclusion: The commercial Micro-SIT projects show substantial reduction in plant 
protection costs and higher quality yield and it can be used effectively to control 
Mediterranean fruit fly. 

Keywords: Mediterranean fruit fly, medfly, citrus, trapping, fruit inspection 
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Area-Wide Suppression of Bactrocera Fruit Flies in Dragon Fruit 
Orchards in Binh Thuan, Vietnam 
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Thi Thuy Trang 1, Shanmugam Vijaysegaran2 and Rui Pereira3 

1Entomology Division, Plant Protection Research Institute, Dong Ngac, Tu Liem, Hanoi, Vietnam. E-
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Agriculture, Vienna, Austria 

Background: Fruit flies, namely Bactrocera dorsalis and B. correcta cause extensive 
losses to many kinds of fruits in Vietnam, including two species of dragon fruit 
(Hylocereus undatus and H. polyrhizus), which have a high economic value for export. 
The total planted area of dragon fruit in Vietnam is estimated to be about 25,000 ha at 
present, with about 19,000 ha cultivated in the province of Binh Thuan alone. So far 
insecticide application used on a farm-by-farm basis has been found to be inefficient to 
control fruit flies on dragon fruit and could lead to the development of insect resistance 
and the increase of insecticide residues in the fruits, on top of the human and 
environmental negative impact. A pilot fruit fly control program was initiated in 2013 
with the broad objective of suppressing fly populations on dragon fruit and to assess the 
economic benefits that can be achieved through the implementation of an area-wide 
IPM program.   

Methods: The pilot area consisted of a 100 ha Core Zone (1 km x 1 km), and a 300 ha 
Buffer Zone (2 km x 2 km) surrounding the Core Zone on all sides. The dragon fruit 
area outside the Buffer Zone consisted of existing Farmer Practice and was used as a 
control site. Treatments applied in the Core Zone consisted of (1) Sanitation, including 
alternate host removal and stripping and destruction of unwanted dragon fruit (2) Male 
annihilation technique (MAT) using methyl eugenol + fipronil placed at 50 m intervals, 
and (3) a weekly beer waste protein bait mixed with fipronil applied to the leaves. In the 
Buffer Zone, only sanitation and MAT was used. Monitoring of the adult and larval 
population was conducted in Core, Buffer and Farmer Practice zones using grid of fly 
kill traps, with methyl eugenol as attractant to provide both spatial and temporal data on 
fly incidence in all 3 zones and fruit sampling to evaluate the impact of the suppression 
measures.  

Results: The pilot fruit fly control trial in Binh Thuan Province has been implemented 
from July 2013 and still ongoing. However, results collected so far showed that the 
population of B. dorsalis and B. correcta in the area is descending. Fly per trap per day 
(FTD) in Core Zone in August, September and October, 2013 were 6.06, 2.80 and 1.30 
FTD, respectively. In Buffer Zone, they were 5.77, 2.98 and 1.79, respectively. 
However,  in Farmer Practice there is a population increase: 4.12, 5.92, and 5.85 FTD in 
August, September and October, respectively.  
Conclusions: Along with the decrease of fruit fly population in the demonstration area, 
farmers have also noted that the damage ratio on fruits such as guava, custard apple and 
star fruit has gone down from previous years in addition to the reduction in damage in 
dragon fruits. However, with the increase of area in the future years and the potential 
integration of other suppression methods an increase in the effectiveness of this area-
wide integrated pest management approach is expected. 

Keywords: Male annihilation technique; sanitation; beer waste protein bait; trapping; fruit sampling 
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Pest Risk Analysis for Economically Important Tephritidae: The 
Crossroads between Science, Plant Protection and Safe Trade 

Stephanie Bloem1 and Alison Neeley1 
1United States Department of Agriculture, Animal and Plant Health Inspection Service, Plant Protection 
and Quarantine, Science and Technology, Plant Epidemiology and Risk Analysis Laboratory (USDA-
APHIS-PPQ-S&T-PERAL), 1730 Varsity Drive, Suite 300, Raleigh, North Carolina, 27606, USA. Email:  
Stephanie.Bloem@aphis.usda.gov; Alison.D.Neeley@aphis.usda.gov  

Background: Some of the most important pests that stand in the way of safe agricultural 
trade belong to the family Tephritidae. As agricultural trade continues to increase, the 
risk that fruit fly and other pests will spread into areas where they do not occur also 
increases. However, at the same time, the budget that many Federal and State 
governments have for preventing and detecting pest outbreaks is shrinking. Therefore, 
prioritization of potential pest threats and how to mitigate them is becoming 
increasingly essential. 

Methods: Pest Risk Analysis (PRA) is an essential tool that helps countries proactively 
protect their plant resources from the risks posed by pests. It begins by collecting and 
evaluating scientific and other information to assess the likelihood that pests will be 
introduced into new areas, and then estimating the consequences that would result from 
these introductions. Based on the results of the assessment, recommendations can be 
made for mitigating the risks. This process allows countries to make regulatory 
decisions that are better informed, defendable, and rational, and to prioritize and direct 
their resources towards the pests that pose the greatest risk. In this presentation we will 
discuss the kinds of scientific information crucial to accurately assess the risks posed by 
tephritid fruit flies moving in international trade and the role that a closer association 
between researchers and regulators can have in understanding the context of new 
entomological knowledge. The second part of this presentation will discuss the 
development and application of bio-economic models and their usefulness to accurately 
assessing the risks from tephritid introductions. 

Results & Conclusions: Pest risk analysis is an evolving and dynamic field. In the past 
20 years, PRA has undergone an evolution - pest risk analysts have adapted methods 
used in other sectors, scientific information that supports analyses is more available than 
ever, and the need for more, better and different types of pest risk analyses continues to 
grow. Moreover, regulatory decisions affecting imported products are now required 
under international treaties to be supported by an assessment of risk. However, 
predicting how pests will behave in novel environments is always difficult and contains 
large amounts of uncertainty. In many cases, the information we rely on to conduct a 
PRA may not be fully accurate or up-to-date. In some cases the information may be 
incomplete, misleading or absent. Nevertheless, regulators have to make decisions in 
the absence of perfect information. Because of this, it is essential that the research and 
regulatory communities work closely together. Researchers need to understand the 
kinds of information needed for better PRA, and regulators need to have access to the 
best and most reliable information. 

Keywords:  pest prioritization, pest risk analysis, bio-economic modeling, safe trade, Tephritidae 
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Revised Quarantine Distances for Domestic and International Trading 
Bernie Dominiak1 and Ben Fanson2 

1New South Wales Department of Primary Industries, 161 Kite Street, Orange, NSW 2800 Australia. E-
mail: bernie.dominiak@dpi.nsw.gov.au; 2School of Life and Environmental Sciences, Deakin University, 
Geelong, VIC 3216, Australia 

Background: Traditionally after the loss of fruit fly area freedom, the suspension zones 
are overly harsh. The science underlying the current large suspension zones is often 
lacking or outdated. These large suspension zones cause significant environmental and 
economic impacts on exporting countries because importing countries fear the 
importation of potentially infested produce. Many of these rules were devised before the 
availability of global positioning systems and have not been revised since. For 
Bactrocea tryoni, the current suspension distance is 15 km, an area covering 707 sq km. 
Given the advances in technology, data storage and statistical analyses, it is timely to 
review past outbreak records and evaluate the merits of the current suspension distance.   

Methods: We reviewed the trapping records of wild flies from 48 incursions in the New 
South Wales portion of the Fruit Fly Exclusion Zone between 2002 and 2010. The 
exponential, normal, shifted normal and Cauchy distributions were used to assess the 
actual distributions and to calculate suspension distances. Probit 9 was used as the 
standard for all four methods.    
Results: The mean dispersal of wild flies generally ranged between 200 to 500 m. 
Regarding the calculation of suspension distance, the results varied depending on the 
model. The normal and shifted normal distributions generally indicated a suspension 
zone of 3-4 km for all grids. This equates to a suspension area of about 50 sq km, 
compared to the current 707 sq km. 400 m surveillance grids (urban areas) are likely to 
result in suspension distances about 1.6 km shorter than 1 km grids (orchard grids). The 
exponential and Cauchy models predicted suspension distances of 8.5 and 12,732 km.   

Conclusion: The new methods used here for calculating suspension zones indicate that, 
based on area, the current suspension zones could be dramatically reduced. The amount 
of pesticides entering the food chain or the environment could be reduced by up to 96%. 
The methods used here for Bactrocea tryoni could be equally applicable for any fruit fly 
in any country, assuming the equivalent science to calibrate the distribution curves. 
These new methods are currently being considered as trade standard for Australia 
domestic trade. Once a reduction is accepted domestically, the challenge will be to gain 
international recognition of this new science to justify less punitive international trade 
agreements. The issue now becomes how exporting states convince importing states or 
countries to adopt these more liberal standards. Negotiations are likely to include 
scientific, emotional, cultural, reciprocal, and equivalence arguments to overcome 
international resistance to adoption. 

Keywords: trade, suspension zone, good science for good trade, market access 
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International Standards for Phytosanitary Measures on Fruit Flies 
Julie Aliaga, Mary Bahdousheh, Soledad Castro, Robert Duthie, Walther Enkerlin, 

José Fernandes, Jaime González, Magda González, Aldo Malavasi, Ana L. 
Montealegre, David Opatovski, Rui Pereira, Odilson Ribeiro e Silva, Jan B. Rossel, 

Keng-Hong Tan, Kenji Tsuruta, Alies Van Sauers-Muller, Jan-Hendrik Venter 
and José Luis Zavala 

Technical Panel on Pest Free Areas and Systems Approaches for Fruit Flies, IPPC 

Background: The Technical Panel on Pest Free Areas and Systems Approaches for Fruit 
Flies (TPFF) was established in 2004 by the International Plant Protection Convention 
(IPPC) Commission on Phytosanitary Measures (CPM) to review scientific and 
technical data and to draft International Standards for Phytosanitary Measures (ISPM) 
in support of international agricultural trade through the establishment of fruit fly free 
areas, systems approaches for fruit flies and other related matters. 
Methods: A list of topics relevant to fruit flies was proposed by National Plant 
Protection Organizations (NPPOs) and developed into specifications. Based on these 
specifications, the TPFF has developed ISPMs, including annexes and appendices that 
are currently adopted or at different stages of the adoption process. 
Results: Five ISPMs (including annexes and appendixes) have already been adopted by 
the CPM: (1) Establishment of pest free areas for fruit flies (ISPM 26, 2006); (2) 
Establishment of areas of low pest prevalence for fruit flies (Tephritidae) (ISPM 30, 
2008); (3) Fruit fly trapping (Appendix 1 of ISPM 26, 2011); (4) Systems approaches 
for pest risk management of fruit flies (ISPM 35, 2012); and (5) Control measures for 
an outbreak within a fruit fly-pest free area (Annex 2 of ISPM 26, 2014). Other two 
drafts have been submitted to the IPPC Secretariat for approval by the Standards 
Committee (SC) and are expected to be adopted as earlier as 2015: (6) Determination of 
host status of fruit to fruit flies (Tephritidae); and (7) Phytosanitary procedures for fruit 
fly (Tephritidae) management. 
Conclusions: The ISPMs concerning fruit flies have provided additional phytosanitary 
options and developed a legal framework for exporting and importing countries to 
facilitate trade of fresh fruits and vegetables.  

Keywords: host status; fruit fly free areas; systems approach; areas of low pest prevalence.  
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Eradication of Tephritid Fruit Flies: Lessons from Gerda 
David M. Suckling1,6,7,  John M. Kean2,7 , Lloyd D. Stringer1,7,6, Carlos Cáceres-

Barrios3, Jorge Hendrichs4, Jesus Reyes-Flores4 and   Bernie Dominiak5  
1The New Zealand Institute for Plant and Food Research Limited, PB 4704, Christchurch New Zealand. 
E-mail:max.suckling@plantandfood.co.nz; 2AgResearch, Hamilton, New Zealand; 

3FAO/IAEAInternational Atomic Energy Agency, Seibersdorf Laboratories, Austria; 4FAO/IAEA, 
Vienna, Austria; 5NSW Department of Primary Industries, Orange, New South Wales, Australia; 6Plants 
Biosecurity Cooperative Research Centre, Canberra, Australia; 7Better Border Biosecurity, New Zealand 

Background: The instigation of insect eradication programs is rising in response to 
globalisation. A database of global eradications has been recently developed, that (so 
far) covers 1028 incursion responses, with 916 eradication programmes on a range of 
pest and disease taxa in 104 countries (www.b3nz.org/gerda).  

Methods: A subset of the database was assembled with 175 eradication programs 
against populations of 17 species of fruit flies (Tephritidae) in 29 countries, in order to 
investigate factors affecting the outcome, such as the size and type of area infested, cost, 
combinations of different tactics, and duration of programs. 

Results: The failure rate of eradications was very low: 0% for Ceratitis capitata (n=68 
programs), and 0% for two Anastrepha species (n=7 programs), but 13 % for 13 
Bactrocera species (n=68 programs). However, these cases do not include a number of 
intended eradication programmes against long-established populations that in the end 
were not initiated because of cost and other considerations, or evolved during the 
feasibility or planning stages into suppression programmes. The failure rate for official 
fruit fly eradication programs overall was about 3%. The cost was dependent on area, 
and ranged from USD 0.1-240 million, and averaged ~20 million (normalized to 2005). 
In addition to the routine use of surveillance networks, quarantine and fruit destruction, 
the key tactics used in eradication programs were male annihilation, protein bait sprays 
(which can attract both sexes), and the sterile insect technique.  
Conclusions: Combinations of several density-independent and inversely density-
dependent tactics applied on an area-wide basis to address the whole population were 
common, although the integration and compatibility of tactics needs to be taken into 
account to optimise results. Most cases involved eradications of incursions of invading 
pest populations, but a few cases involved native populations (for example Anastrepha 
spp. in northern Mexico). Therefore, as the likelihood of eradication declines with an 
increase in the area infested, it pays to have effective surveillance networks that allow 
early detection and delimitation while invading populations are small, thereby greatly 
favouring eradication success. Early detection can be facilitated by improved lures and 
other efficiencies in surveillance. Furthermore, funding in effective quarantine 
infrastructure and services is most cost-effective in minimizing incursions of fruit flies 
and other invasive pests. 

Keywords: eradication, Tephritidae, male annihilation, sterile insect technique, bait, trap, quarantine 

 

mailto:max.suckling@plantandfood.co.nz
http://b3.net.nz/gerda/view.php?tb=co
http://www.b3nz.org/gerda


 
 
 
 
 
 
 
 
 
 
 

Session 10 
Additional Topics

 



 



12-16 May 2014, Bangkok, Thailand | 83 

Socio-Economic Analyses of Area-Wide Management of 
Mango Fruit Fly in South India 

Abraham Verghese1, Shivananda, T.N. 2, John D. Mumford3 

and Kamala Jayanthi, P.D.2  
1Director,NationalBureauofAgriculturallyImportantInsects,Bangalore560024, India, E-mail 
ID:avergis@iihr.ernet.in; 2Indian InstituteofHorticultural Research,HeseraghattaLake, Bangalore, India; 
3ImperialCollegeLondon, SilwoodPark, Ascot, UK 

Background:  Mango is the most economic important fruit crop of India.The most 
important mango belt in Karnatakais Srinivasapuratalukof Kolar district and it is the 
main crop of the taluk and hence economy is dependent on it. One of the major 
limitations to mango productivity is the loss due to oriental fruit fly(Bactrocera 
dorsalis) infestation. So the objective of the present study was to demonstrate the 
Integrated Pest management (IPM) technology of fruit flies in mango farmers and to 
study the social impacts, constraints and economy due to the adoption the acceptability 
and adoptability of the technology by the farmers. 

Methods: Fruit fly methyl eugenol traps developed at the Institute were placed in 
selected orchards with the help of local horticultural officers. Fruit flies trapped were 
brought to laboratory, labeled and processed for taxonomic examination. The study was 
carried out with the help of the Karnataka State Horticulture Department, and Mango 
Growers Federation of Srinivasapura. In the mango seasons of 2007 to 2009, fruit fly 
infestation levels were monitored by field surveys. Mature fruits (n=200 to 400 fruits of 
assorted culivars) were sampled at random from 2-3 different orchards/per village. At 
least eight villages spread across the taluk at one to seven days prior to were sampled. 
Percent infestation was calculated and adult flies were labeled for taxonomic 
processing. The fruits examined were mainly from cultivars Totapuri, Alphonso, 
Banganpalli and Neelum. 
Results: Survey conducted from 2007 to 2009 showed that mean infestation of fruit fly 
was 48.27% on assorted cultivars of mango grown in Srinivasapura. Productivity 
enhancement was achieved to an extent of 48% in the through 144 acres of 
demonstration area. The mean loss due to fruit flies in three years prior to the transfer of 
technology was 48.27% and the mean % yield increases perceived fairly well coincide 
to 48.86%. This clearly indicated that a fruit lost to fruit fly, if saved, is a fruit gained. 
The impact of this intervention in the 144 acres of IPM implementation was studied and 
was found that the mean yield increase was 124.53 tonnes. This resulted in a 
productivity increase from 1.77 tonnes to 2.63 tonnes/acre. The average productivity of 
Srinivasapura taluk is 4 tonnes/hectare and with this intervention it increased to 6.49 
tonnes, bringing in an additional increase of 860 kgs of fruit/acre. 

Conclusions: Economic analysis in 2012 showed that the technology spread to at least 
55% of the mango area with a net benefit of Rs. 5200 crores of increase in mango 
revenue. The impact analysis showed that these farmers realized at least 20-40% yield 
increase, with a cost:benefit ratio ranging from 1:4 to 1:60, depending on the 
commercial value of the mango variety. 

Keywords: Bactroceradorsalis, Integrated pest management, Area-wide, Mango 
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Economic Evaluation of the Moscamed Program in Guatemala and its 
Impacts in Such Country, Mexico, the United States and Belize 

Diznarda Salcedo1, J. Refugio Lomelí1, Gerardo Terrazas1, Javier Suarez1, Erica 
Muñiz1 and Walther Enkerlin2 

1External consultants of the Interamerican Institute of Cooperation in Agriculture, Mexico. 2Co-Director 
of the Moscamed Regional Program. Cerezos 19, Huertas el Carmen Ampliación, Corregidora Queretaro 
76904, Mexico. E-mail: diznarda.salcedo@cef-profit.com 

Background: The Moscamed Program (MP) in Guatemala has worked as an effective 
containment barrier to prevent the Mediterranean fly (medfly) from entering southern 
Mexico from 1982 to 1999. Since year 2000, the containment barrier has consolidated 
and the program has been able to obtain gradual advances in the eradication of the pest 
from Guatemala reaching about half of its territory in 2011. Nevertheless, so far, it has 
not been possible to eradicate the pest from the whole country.  The objectives of this 
study were to evaluate the economic impacts of eradicating this fruit fly pest from 
Guatemala in a ten-year period (2012-2021), and its corresponding effects in Mexico, 
the United States (USA) and Belize, as well as to analyze the retrospective benefits and 
costs of the MP in Guatemala and Belize. 

Methods: Retrospective models were designed for Guatemala and Belize, and 
prospective ones for both countries and Mexico, using the model developed by 
FAO/IAEA (2007) and adapted by Salcedo, et al (2009).  Through the designed models, 
integrated pest management programs based on the sterile insect technique (SIT) were 
evaluated, using historical data and projections for the associated variables of costs and 
benefits. For the USA, frequencies, probabilities and sensibility analysis were 
developed to quantify the costs/savings that the USA would spend/save to control 
possible outbreaks of C. Capitata in their territory, if the pest was eradicated from 
Guatemala and in case that the MP would stop operating in the Guatemalan territory 
due to lack of financial resources. Economic indicators (B/C, NPV, TIR and PP) for 
different scenarios were quantified. 
Results: The MP was successful and economically viable for Guatemala (from 1978-
2011) and for Belize (from 1992-2011).  The eradication of the medfly in the following 
10 years and impacts on the Guatemalan, Belizean and Mexican territories reflected 
higher economic returns than the status quo (i.e. containment barrier in Guatemala) for 
the region as a whole.  The hypothetical withdraw of the MP from Guatemala would 
imply a set-back in its plant health system and economic and social instability in its 
agricultural sector, in addition to the risk of medfly re-infestations in Belize, Mexico 
and the USA.  Given the high costs of quarantine restrictions to these countries (i.e. 
exports of medfly fruit and vegetable hosts, due to increase presence of medfly 
outbreaks and potential establishment), this scenario should not be considered viable.  
Conclusions: (1) The implementation of the 10-year strategic plan to eradicate the 
medfly from Guatemala would be the best economic decision and the one that all co-
operating countries should support. (2) The possible withdraw of the MP from 
Guatemala should not be considered due to negative economic and social impacts that it 
would bring to Guatemala, Belice, Mexico and the USA.  

Keywords: Moscamed, Ceratitis capitata, Mediterranean fruit fly, outbreaks  
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Beyond Compliance: Integrated Systems Approach for Pest Risk 
Management in South East Asia 

John D. Mumford, M. Megan Quinlan, Adrian W. Leach and Johnson Holt 

Centre for Environmental Policy, Imperial College London, Silwood Park Campus, Ascot SL5 7PY, 
United Kingdom. Email: j.mumford@imperial.ac.uk 

Background: Fruit flies are major pests of export commodities in SE Asia.  Their 
control is often focussed on single post-harvest treatments mandated by importing 
countries.  Exporters could benefit from a broader range of pre- and post-harvest 
controls through the application of systems approaches, but these require analytical and 
communication tools to demonstrate their potential to efficiently meet phytosanitary 
requirements. 

Methods: The Beyond Compliance project (funded by the STDF) is based on the 
rationale that systematic review of a pest risk from a particular production system and 
trade pathway, and of the reasoning behind each potential management measure, will 
increase the confidence of the NPPO in negotiating their case for effective control from 
management using a systems approach. This could offer significant advantages to 
producers over reliance on single post-harvest treatments.  Drawing on initiatives from 
other regions, framework tools were developed to give a structured approach to 
conceptualise, develop and evaluate a systems approach for both import and export 
trade case studies from the SE Asia region. Then a probabilistic model was used to 
estimate efficacy or impact on the risk that each measure provides individually and as 
part of a systems approach. 

Results: The participating NPPOs from Vietnam, Thailand, Philippines and Malaysia 
have found the process directly increased their confidence and competence, not only in 
preparation for trade negotiations, but also for interacting with domestic stakeholders.  
Conclusions: A systematic processwas applied to describing pest challenges 
(particularly from fruit flies), management options and performance assessments.  This 
comprised a series of tools including descriptive production chains (describing options), 
decision support schemes (eliciting performance estimates), and Bayesian networks 
(evaluating systems approaches against performance goals).  Together these tools 
provide an improved basis on which to design, demonstrate and negotiate systems 
approaches to meet phytosanitary requirements. 

Keywords: Systems approach, export horticulture, production chains, decision support systems, Bayesian 
networks. 
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A Ready-to-extent IPM Program to Control the Mediterranean Fruit 
Fly Ceratitis capitata (Diptera, Tephritidae) on Citrus in Tunisia 

Synda Boulahia Kheder1, M. Tlemsani1, I. Trabelsi1, Ben Hmidène A.1,  F. Jrad1, 
M. Fezzani1 and F. Loussaïef2 

1National Institute of Agronomy in Tunis, Dept. of plant protection and post-harvest diseases, 
Entomology-Ecology lab., 43 Av. Charles Nicolle Cité Mahrajène, 1082 Tunis, Tunisia. E-mail: 
synda.kb@gmail.com; 2Ministry of Agriculture, General Direction of the Protection and Control of the 
Quality of Agricultural Products, 30 Rue Alain Savary, 1002 Tunis, Tunisia. 

Background: The medfly, Ceratitis capitata, is the most injurious pest in citrus 
orchards in Tunisia. It is so far controlled by several organophosphate insecticides 
especially malathion sprayed by aerial or ground. Because of the side effects of this 
product and after being banned in the EU, the need to replace this insecticide became 
urgent. From 2006 to 2010, we tested the female mass-trapping alone and then 
inserted in IPM programs to improve its efficiency. The protection of Navel oranges 
was rather good. 
Methods: Following these results, the Ministry of Agriculture implemented in 2010-
2011, on 300 Ha of citrus, in Takelsa (Cap-bon), an IPM program based on Biolure 
mass-trapping, sanitation and spinosad aerial sprays. The next year, another trial was 
carried out in an organic citrus orchard in Mornag area. The program applied was based 
on 3 components: 1) female mass-trapping, 2) sanitation and 3) 6 spinosad treatments 
by a backpack sprayer. Three mass-trapping systems were compared: the Moskisan® 
traps with Biolure® Unipack as standard, the Flycap® traps with Ferag® CCDTM 
and the Ceratrap®. Medfly levels were monitored weekly to make the decision of bait 
sprays timing. The efficiency of these programs was assessed on medfly captures 
and the percentage of damaged fruits by comparing the number of medflies/trap/day 
(NMTD) and the percent of punctured fruits. The selectivity of the 3 systems to the 
non-target insects was also evaluated by identifying all the arthropods captured and 
estimating their proportions vs the total captures. 

Results:  The results obtained from the 2010-2011 trial were pretty good since the 
percentage of punctured fruits at the harvest ranged from 2-8%. The next year was 
better despite the high medfly population level, and the 3 systems tested allowed a very 
good protection of the fruits until harvest with a significant difference between the 
IPM treated plots and the control with respectively only 1% of damaged fruits vs 17% 
in the control. The most selective system towards the non-target insects was the 
Moskisan®. 
Conclusion: The IPM based on female mass-trapping combined with the sanitation 
and the spinosad sprays, can replace the current use of chemicals to control the 
medfly. To achieve this goal, an area-wide partnership program involving all the 
stakeholders: Research, Ministry of Agriculture, Farmers, Extension, and Professional 
associations must be planned and implemented in order to transfer successfully the 
innovative technologies to the farmers. 

Keywords: Medfly, IPM program, female mass-trapping, spinosad sprays, Navel orange 
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Area Wide Control of Chinese Citrus Fly (Bactrocera minax Enderlein) 
Using GREAT® Fruit Fly Bait 

Qian HE1, Puyun YANG2 and Jinping DU1 
1Beijing Ecoman Biotech Co., Ltd., Unit 518, No.26 Information Road, Shangdi, Haidian District, 
Beijing, China 100085. E-mail: dujp@ecomanbiotech.com;2National Agro-Tech Extension and Service 
Center (NATESC), Beijing, China 

Background: Chinese citrus fruit fly (CCF) (Bactrocera minax) is a serious citrus pest 
found in at least 3 major citrus growing provinces, causing heavy losses for the growers 
and threatening the whole citrus industry. CCF was removed from domestic quarantine 
list in 2009 due to its wide distribution but remains as one of the major control target 
pests in citrus growing area.   
Methods: An area wide control scheme (AWCS) for CCF was initiated by Beijing 
Ecoman Biotech Co., Ltd. in conjunction with National Agro-Tech Extension and 
Service Center (NATESC) under the Minister of Agriculture. Supported by the local 
government agencies for plant protection in the participating provinces, AWCS for CCF 
has been implemented in Guzhang County in Hunan Province, Kaixian county in 
Chongqin Province, Yichang and Danjiangkou city in Hubei Province between 2010 
and 2013, total acreage of citrus plantation covered by the scheme exceeds 80,000 
hectare with an increasing acreage accepting the control measures and products used by 
the scheme. The scheme consists of three subsystems: The fly monitoring system, the 
bait application system, and efficacy evaluation system. Each was organized through 
close collaborations amongst stakeholders including the company, the local government, 
the farmers and the local plant protection stations. The company provides the effective 
products for monitoring and control, with proper training and technical support, the 
local governments provide aid fund as incentive for encouraging the farmers joining the 
scheme, the farmers pay partial cost for the initial control, and the local plant protection 
agents oversee the bait application and evaluate the results. 
Results: Survey of fly damage rate in 8 locations in AWCS area of 15,000 hectares 
citrus in Chongqing province in July 2011 showed the fruit damage rate was reduced 
from over 20% last year to 0.2-2.0%.  For the same period, fly damage rate in AWCS 
area covering 8,000 hectare of citrus in Hunan province was reduced from over 20% 
last year to 0.2-2.0%. This average damage rate in a 140 ha demonstration area in Hubei 
province was reduced from 15% last season to 0.7% in 2012.  
Conclusions: Chinese citrus fruit fly (CCF) (Bactrocera minax) can be effectively 
controlled through an organized AWCS using GREAT® Fruit Fly Bait.  

Keywords: Bactrocera minax, area wide control scheme, GREAT® fruit fly bait 
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Area Wide Management of Mediterranean Fruit Fly 
in Western Australia 

Sonya Broughton and Touhidur Rahman 
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Australia 6151. E-mail: sonya.broughton@agric.wa.gov.au 

Background: Two key pesticides, fenthion and dimethoate, are being removed from use 
due to human health and environmental concerns. These two organophophates have 
been applied as cover sprays since the 1960s to control medfly in Western Australia, 
particularly to pome and stone fruit. To assist growers with adapting to this loss, a 
range of new techniques were trialed within an area wide management (AWM) 
program. 

Methods: 1) A pilot trial was carried out in Jarrahdale, a commercial stone and pome 
fruit production area near Perth. 2) Male and female trapping systems were installed in 
September 2012 on commercial orchards, small landholder properties, native vegetation 
and within the town area, to monitor abundance and to pinpoint the likely sources of 
infestation. 3) Traps were checked weekly from spring-summer and fortnightly in 
winter. Foliage baiting was used as the main control method on commercial orchards. 
Results: 1) The town area does not appear to be a major source of infestation for 
commercial growers, with very few flies detected in bush between the town and 
commercial orchards. 2) Medfly abundance peaked in December/January across 
the whole area, and medflies were present year round. 3) AWM with foliage baiting 
was effective at reducing medfly numbers, and was more effective than traditional 
cover sprays. 4) The program was compromised by misinformation spread by some 
grower groups, and reluctance of some commercial growers to accept bait spraying 
as a viable alternative to cover spraying. 
Conclusions : The pilot program demonstrated that AWM is the most effective 
strategy for managing medfly in Western the Australia. However, the 
establishment and maintenance of an AWM program requires knowledge about host 
availability, sources of fruit fly infestation, grower education, all underpinned by 
ongoing monitoring. 

Keywords: Medfly, area wide management 
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Area-Wide Management of Fruit Flies in Australia– Dream or Reality? 
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Background: Eastern Australia is faced with serious fruit fly problems. These have been 
exacerbated by the spread of Queensland fruit fly (Bactrocera tryoni, Froggatt) into 
regions previously considered marginal, consequent reductions in Government funded 
fruit fly mitigation programs and by restrictions on the use of traditional pre- and post-
harvest fruit fly pesticides such as dimethoate and fenthion. Pest fruit flies are not 
evenly spread over Australia. There are regions with endemic populations, some with 
established populations some of which could feasibly be designated as areas of low pest 
prevalence and yet other regions are completely free of pest fruit flies. All regions 
within Australia, regardless of fruit fly status, are, however, impacted by fruit flies 
whether they need to control existing populations or they need to take steps to maintain 
area freedom status. Fruit flies are, therefore, a national problem.  
Methods: Australian fruit fly researchers, policy makers and representatives of 
horticultural industries and regional councils are pulling together available knowledge 
on fruit fly behaviour and ecology as well the pest’s interaction with crop phenology, 
community awareness programs and current and historical trapping data into a national 
area-wide management (AWM) program for pest fruit flies. In fact, all information on 
fruit flies is being studied and sorted with gaps in this knowledge also being identified 
and filled if possible. Additionally, information and advice from both successful and 
unsuccessful AWM programs from Australia and overseas are being sought and 
assessed. 

Results: Drawing on the successes as well as the difficulties faced by several existing 
AWM programs around Australia new regionally based programs have been set up or 
are in the process of being set up in areas where populations of Queensland fruit flies 
have established recently. This has been the result of the three levels of Government 
(Federal, State and Local), researchers, horticultural industries, providers of 
horticultural goods and services and regional communities working together and co-
investing. 

Conclusions: There are several successful and, it seems, sustainable AWM programs 
against pest fruit flies set up in Australia. While there are differences in approaches 
between each system there are commonalities. It should be possible to set up a national 
fruit fly AWM program that could be used to establish management systems in any part 
of Australia where fruit flies are of concern. 

Keywords: Bactrocera tryoni, Queensland fruit fly, area-wide management, AWM 
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Area-Wide Management of Pest Fruit Flies in Smallholder Mango 
Farms in Indonesia  

Stefano De Faveri 1, Shanmugam Vijaysegaran 2, Harry Fay 3, Dwi Iswari 4, 
Anik Kustaryati 4 and Soesilo 4 

1Queensland Department of Agriculture Fisheries and Forestry (QDAFF), PO Box 1054 Mareeba Q, 
Australia 4880. E-mail: stefano.defaveri@daff.qld.gov.au; 2Consultant Entomologist & Adjunct 
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Horticulture Protection, Directorate General of Horticulture, Ministry of Agriculture, Republic of 
Indonesia. 

Background: Two species of fruit flies, Bactrocera papayae and B. carambolae cause 
significant damage to mango grown in smallholdings in Java, Indonesia. A coordinated 
wide-area control program was attempted using a combination of male annihilation, 
protein bait spraying, crop hygiene and population monitoring, together with farmer 
training. The program was carried out over two specific production areas totaling about 
100 ha in size to demonstrate that fruit fly population suppression and control could be 
achieved in smallholdings through an integration of control techniques applied over a 
wide area as opposed to cover sprays of insect icides on individual farms.  

Methods: The two trial sites were located at Krasak (40 ha) and Sliyeg Lor villages (60 
ha) in the District of Indramayu, Province of West Java. The standard insecticide treated 
area was located at Jambak village (40 ha). The orchards were surrounded mainly by 
rice fields, with dwellings and the village located at one side with a variety of other fruit 
fly hosts present within the village. The male annihilation technique (MAT) blocks were 
4: 1 methyl eugenol male lure and fipronil toxicant in a 5x5cm fibreboard block. The 
blocks contained approximately 12 ml of product each and were nailed onto trees at 
50m intervals (about 6 blocks/ha) and placed in the orchard as well as in the village. 
New blocks were added every 2-3 months. Protein baits based on a brewery yeast by-
product were applied weekly from fruit set to harvest. Four spot sprays of 25ml each 
were applied per tree (100ml/tree). In 2012, 18 such treatments were applied. Hygiene 
included the removal of unwanted fruit from the treatment area and major alternative 
hosts around dwellings in the village. Damage assessments were conducted at the pack 
house. Fruit was visually observed and suspected damaged fruit was kept and incubated 
for 7-10 days and then dissected to confirm presence or absence of larvae.  
Results: In the 2012 season, the treatments reduced fruit fly populations by 98% 
compared to the standard treated area. In early 2013 the average FTD was 0.22 and 0.12 
at Krasak and Sliyeg Lor respectively, compared to 20 FTD at Jambak. Fruit harvest 
assessments were conducted at the end of the season. In 2012 the overall damage was 
1.6% in the treated areas of Krasak and Sliyeg Lor and 4.7% at the conventially grown 
area of Jambak.  
Conclusions: The project has been successful at reducing pest fruit flies to non-
economic levels. Growers claim fruit quality has improved remarkably and they are 
achieving higher returns due to higher yields and increased fruit quality. Our results 
demonstrate that Area-wide management of pest fruit flies in areas where fruit fly 
populations are traditionally high is achievable.  

Keywords: Bactrocera papayae, Area-wide management, male annihilation, methyl eugenol and protein 
baits. 
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Assessment of Fruit Fly (Diptera: Tephritidae) Management Practices 
in Deciduous Fruit Growing Areas in South Africa 
Pia Addison1, Aruna Manrakhan2 and Matthew Addison1 

1Department of Conservation Ecology and Entomology, Faculty of AgriSciences, Stellenbosch 
University, Private Bag X1, Matieland 7602, South Africa, pia@sun.ac.za 
2Citrus Research International (CRI), Nelspruit, South Africa 

Background:  Ceratitis capitata and Ceratitis rosa are major pests of fruit in the 
Western Cape Province, South Africa. The main methods used for fruit fly control in 
the Western Cape are the Sterile Insect Technique (SIT) targeting C. capitata and the 
Bait Application Technique (BAT). SIT in South Africa, has been operational on a 
commercial basis since 1999 and is applied as targeted ground releases in selected areas. 
We aimed to determine the relative success of this management method in the Western 
Cape. 

Methods: Fruit fly abundance was measured as adult fly trap catches using three-
component Biolure® and fruit infestations in a total of twenty commercial orchards in 
three regions under SIT and two regions under BAT in the Western Cape, from 2006 to 
2008. To determine fruit infestations, 125 fruit/orchard or vineyard were sampled 
during harvest time each year. 
Results:  C. capitata was the dominant species in all locations except in Stellenbosch 
where the pest co-existed in equal proportions with C. rosa. In commercial orchards, C. 
capitata populations peaked towards the end of the fruiting season (March to May) and 
were low between July and January. During the late season, C. capitata trap catches 
were significantly higher in two of the regions under SIT, where the sterile to wild male 
ratio was found to be mostly below 1. C. capitata damage levels in these two areas were 
in the range of between 2.0 - 3.8% and 5.0 - 7.2%, respectively.  Deciduous fruits most 
susceptible to attack were table grape, peach, nectarine, pear and plum. 
Conclusions:1) SIT is not being properly applied in some regions and should be 
implemented when pest populations are low (mean FTD of <1).  2) Alternatively, BAT 
should be used to lower pest populations before SIT is applied. 3) Control methods 
should be more integrated and applied area-wide. 

Keywords: Ceratitis, management, Sterile Insect Technique, Bait Application Technique 
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Assessment of the Socio-economic Impact of the Invasive Fruit Fly 
Bactrocera invadens (Diptera: Tephritidae) in Mozambique 
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Background: Fruit flies are among the most important pests of fruits and vegetables in 
the world due to the potential direct damage they cause but also because of their 
economic, social and ecological impact. The invasive fruit fly Bactrocera invadens was 
first detected in Africa in 2003 in Kenya, has spread to at least 27 countries attacking a 
wide variety of crops and has become a pest species of major concern to fruit growers in 
the continent. It causes reduction of fruit quality, loss of market value and, as a 
quarantine pest, also causes rejection of fruits at international markets. In Mozambique, 
B. invadens was recorded for first time in 2007 in northern Niassa Province. However, 
no studies were conducted to assess its associated socio-economic impact in the 
country.  
Methods: From January to May 2012, 13 private fruit producers of mango and banana 
and 65 small scale fruit sellers were interviewed in Cabo Delgado, Nampula and Manica 
Provinces. Relevant means and statistics were calculated in order to assess the level of 
awareness of producers and fruit sellers regarding fruit flies, describe the changes, and 
quantify income losses after the introduction of the invasive fruit fly.  

Results: Of the farmers officially registered, 75% have heard about the invasive fruit fly, 
while among the sellers, only 40% is aware of this pest. Exporting fruit producers have 
lost temporarily the South African market (mainly for mango) and permanently the 
Zimbabwean market (for bananas).  Due to domestic quarantine measures to avoid the 
spread of the pest to the southern part of the country, farmers also lost the biggest trade 
market within the country, the capital Maputo. The volume of sales reduced and private 
investments in fruit sector were suspended causing loss of about USD 23 million. As 
reported in other African countries where B. invadens occurs, the mango growers had an 
increase in cost of production of more than USD 780/ha  in control measures 
(monitoring and baits application) during the mango season and out of mango season 
they invest about USD 350/ha only for monitoring. The selling season for mango 
reduced from four to two months and the prices for the local market (both at farmer and 
seller level) are lower than for the export market.  
Conclusions: Due to the occurrence of B. invadens fruit production becomes 
uneconomic and many farmers are moving towards other activities. The reduction in 
income of the small fruit sellers affects their families’ economy and food security.  

Keywords:  Bactrocera invadens, socio-economic impact, fruit growers 
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How Can We Get Better at Communicating among Fruit Fly Fans? 

Abdeljelil Bakri1, Jesus Reyes-Flores2  and Rui Pereira2 
1Insecte Contrôle, Firdaous,  Marrakech 40080,  Morocco. Email:  bakri@uca.ma; 2Insect Pest Control Section, Joint 
FAO/IAEA Division, International Atomic Energy Agency (AEA), Vienna, Austria 

Background: Networking and communication services available for the fruit fly 
community are the TEPHRITID WORKERS DATABASE (TWD), FRUIT FLY 
NEWS newsletter (FFN), TEAM newsletter (TEAM NL), IPC newsletter (IPC-NL),  
FACEBOOK of TWD pages, Directory of Mass Rearing Facilities (DIR-SIT), and the 
International Database on Insect Disinfestation and Sterilization (IDIDAS). These tools 
help members share research findings, experiences and expertise, post requests to fruit 
fly experts, post job opportunities or publish alert and press releases. 
Methods: TWD is a web based database collecting and sharing information on 
tephritid fruit flies which was recently upgraded to adopt, and adapt to, the new 
changes in the information technology.  During the time TWD was off, we worked 
hard to build a better information service web site - adding new tools, and protecting 
your privacy. The new version provides a robust security system of users’ account. 
Newsletters, events, members’ profile, and literature resources are presented in a new 
friendly look. A photo gallery was built-in for storing photos of the most important 
fruit fly events. A forum platform can also be available for the exchange of views on 
topics of interest. 

Results: Do you know that Tephritid fruit fly workers like you are part of a global 
community of makers, leaders, researchers and plant protection managers that 
advocate fruit fly free fruit and vegetables? Currently, TWD includes 1,212 members 
from 107 countries, belonging to three different regional groups: Tephritid Workers of 
the Western Hemisphere (TWWH), Tephritid Workers of Europe, Africa, and the 
Middle East (TEAM), Tephritid Workers of Asia, Australia and Oceania (TAAO). 

Conclusions: It is of outmost importance to keep your profile updated in order to stay 
in touch with the community and receive news on tephritids.  People want to know 
which projects and research activities you are working on.  In the end, it's your 
support and your participation that keeps our non-profit information services going. 
Every time you use TWD, take action to join an event, post news, send a document, or 
photos of events - you are helping us to build a better web site to help people learn 
about Tephritidae f r u it  flies, the innovative technologies developed and the area-wide 
integrated pest management of these flies. 

Keywords: Tephritidae, fruit fly, knowledge management, databases 
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Background: Achieving fruit fly suppression under an Area Wide Management 
(AWM) approach requires the implementation of coordinated and consistent control 
actions with a high level of participation of fruit growers and the general public. A high 
level of understanding of the insect pest’s lifecycle to reduce its population is key 
under an integrated management approach: it determines the treatments that will 
target the pest more effectively throughout its lifetime. Under the lifecycle focus, the 
mosaic of fruit types and maturity adds a complexity to AWM. Addressing the 
inconsistent actions of both growers and public to control medfly requires a review of 
how much of the lifecycle concept is understood by both groups, and an 
understanding of the factors influencing people’s adoption of medfly control. 
Methodology: a) Evaluation of communication formats and context in which the 
lifecycle information is used in successful AWM programs, b) Survey commercial 
growers’ and backyard owners’ perceptions of the lifecycle and the factors that may be 
affecting their adoption rates to control medfly in the southwest of Western 
Australia (under the Theory of Planned Behaviour framework). 
Results: From a sample of 605 people from Western Australia, approximately 66% of 
respondents were able to indicate that targeting the adult stage of medfly was the most 
important stage for control. However, only 39% were able to indicate the importance of 
controlling fruit fly all year round. This may be explained by people associating the 
time of control with the fruit species they grow on their property or their familiarity to 
fruit species susceptible of medfly attack. Such result indicates that the lack of 
association of control with other fruit trees probably present in the same area is an 
issue to accomplish AWM. The review of some communication material showed that 
the fruit fly lifecycle is used in different contexts, but the relationship between 
lifecycle, control method and time of application is hardly made evident. In many 
cases the lifecycle is not included in the information produced.  

Conclusions: Research into people’s understanding of the medfly lifecycle and its 
association with current control methods will help in the designing of an effective 
communication strategy for AWM and improve the participation rates of growers and 
public in the fight against medfly. Successful communication only occurs when the 
sender and the recipient share a common set of codes and signs, and a common set of 
rules that help in the understanding of the meaning of those codes within a context. It is 
anticipated that knowledge gained from understanding the medfly lifecycle and its 
implications for fruit industry will provide growers and public with the necessary 
codes to understand when and how to target fruit fly, but most importantly why it is 
needed to be done in such way. 
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Background: Area-wide management (AWM) is an integrated approach in which pests 
are managed using an organised and coordinated attack on pest populations over large 
areas rather than using an individual property approach. The effectiveness of controlling 
Mediterranean fruit fly, (medfly) Ceratitis capitata can be jeopardised by the degree of 
cooperation of growers and general public. Uncoordinated or even partial actions by 
individuals are the weakest links in a well-conceived solution as these individuals 
can undermine the actions of those complying with AWM. The push for the use of 
safer products has led to the ban of organophosphate cover sprays to control medfly 
in Western Australia. This has created doubts among fruit growers on the 
effectiveness of current methods with some unable to observe ‘fast’ and permanent 
results to the medfly problem in their area, questioning the validity of the AWM 
approach. 

Methods: Under the framework of the Theory of Planned Behaviour we intended to 
evaluate direct and indirect measures of predictor variables of people’s participation 
in fruit fly control on commercial properties, small landholders and backyards. Surveys 
of citrus and stone fruit growers and the public in urban, peri-urban and rural areas in 
the south west of Western Australia were designed to measure: a) people’s attitude 
to implementing fruit fly control methods, b) their perceived social pressure to 
perform control methods, and c) people’s perceived self-control over the 
implementation of control methods. 

Results: From a sample of 605 people from Western Australia, 498 indicated growing 
fruit trees on their properties. From this group, only 49% apply control methods for 
medfly and only 8.9% of them expressing 100% satisfaction with results provided by 
control treatments. Achieving community engagement is a complex matter, and there 
are indications that a person’s likelihood to participate in or adopt control methods 
depends just as much on their understanding of the ecological issues involved as on 
other factors which may diminish their motivation (eg financial costs, time required). 
When we explained the benefits of controlling medfly collectively, 60% of survey 
respondents agreed to implement control methods in the next six months - including 
those without fruit trees. 

Conclusions: Negative perceptions of the effectiveness of safer control methods and 
costs associated with control and property sanitation are added to growers’ and 
household owners’ frustration with the lack of participation of members of their own 
communities. Removing the weakest links or, better yet, turning them into active 
medfly warriors requires understanding people’s perceptions and beliefs regarding the 
adoption of medfly control methods and the role of their participation. 

Keywords: Area Wide Management; science communication; Mediterranean fruit fly, medfly 
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Background: The National Fruit Fly Control and Eradication Programme (PROCEM) 
has been implemented in Argentina since 1994. Different pest statuses have been 
achieved, according to the agrobiological conditions of each region: fruit fly free areas, 
areas of low prevalence and areas under control of Ceratitis capitata and Anastrepha 
fraterculus. 
Methods: From its beginning, the Programme has adopted an area-wide integrated pest 
management approach, based on the use of the sterile insect technique, chemical, 
cultural and legal (quarantine) control measures. PROCEM decided to introduce mass 
trapping as a complementary phytosanitary procedure for urban areas. Due to the lack of 
previous experience on its use for these areas, it was necessary to assess its feasibility 
and efficiency. Thus, the programme focused on the Tulum Valley, an area under 
control of fruit flies and the main district of the San Juan Province. Urban areas provide 
winter shelter for the pest, due to temperature, which is in average 5ºC higher than rural 
areas and to the presence of backyard citrus tree, which are not present in commercial 
orchards in the province. In order to reduce late winter migration of fruit flies from 
urban backyards into rural areas, mass trapping was used to create a buffer ring. In the 
first phase, traps baited with Trimethylamine (TMA) and Diclorvos (DDVP) as a 
retention medium were deployed. The density recommended by manufacturers for rural 
areas ranges from 50 to 100 traps per hectare. This value was extrapolated to the amount 
of hosts in the backyards, resulting in an average density of 5 traps per block. At the 
same time, and in order to adjust this control technique to the agrobiological conditions 
of the province of San Juan, comparative tests were carried out to assess the efficacy of 
different trapping devices (dry and liquid attractants), lures, densities (high, medium 
and low) and rebating frequencies. 

Results: At medium densities, the liquid protein-baited system was 3.6 times more 
effective in population suppression than dry devices. Furthermore the results showed 
that it is necessary to increase the trap density used in the original buffer ring to one trap 
per host, in order to reach the potential that this technique could offer for fruit fly 
control in urban areas. 
Conclusions: Mass trapping proved to be a useful technique for the suppression of fruit 
fly population in urban areas of the province of San Juan. The trials carried out in the 
target area suggest that liquid retention system based on protein solution is convenient 
not only because of its trapping performance, but also for its reduced toxicity, relatively 
high persistence of the attractiveness, and low frequency of replacement. 

Keywords: mass trapping; control in urban areas 

 

mailto:procem@senasa.gob.ar


102 |  9th International Symposium on Fruit Flies of Economic Importance (ISFFEI) 

Pilot Experiences of Area-Wide Promotion and Adoption of Bactrocera 
Fruit Fly IPM in Greater Mekong Sub-Region Countries 

Prabhat Kumar1, AlmaLinda Abubakar2 and Jan Willem Ketelaar2 
1Asian Center of Innovation for Sustainable Agriculture Intensification (ACISAI), Asian Institute of 
Technology, PO Box 4, Khlong Luang, Pathumthani 12120, Thailand. E-mail: pkipm@ait.asia  or 
pkipm@yahoo.com; 2FAO’s Regional IPM Programme in Asia; FAO-RAP, Bangkok, Thailand.   

Background: The Asian region (East, Southeast, and South) is among the top three 
regions worldwide in terms of annual exports and imports of fresh fruits and vegetables. 
The productivity and quality of many of the fruits and vegetable crops are seriously 
reduced by tephritid fruit flies (Bactrocera dorsalis & Bactrocera cucurbitae).  They 
can cause direct damage to fruits and vegetables leading to 90-100% losses depending 
on locality, variety and season. And also indirect loss by reducing the trade potential 
due to quarantine regulations. Until recently, area-wide fruit fly IPM promotion efforts 
in Asia have focused largely on introduction of the sterile male technique, without 
attention to farmer education and promotion of an integrated management approach. 
Adoption of fruit fly IPM among smallholder farmers has been negligible and hence the 
impact on control of fruit fly populations limited. The Asian Fruit Fly IPM Project, 
which is a newly-established collaborative effort among various public sector partners 
(AIT, FAO-IPM and associated National IPM Programmes in the Greater Mekong 
Subregion) and the private sector (Biological Control Research Laboratory, India), aims 
to promote the adoption of area-wide Integrated Pest Management and educate farmers 
on the ecology and management of Bactrocera fruit flies through participation in 
Farmer Field Schools.  

Methods: Since Project inception in September 2010, various capacity building and 
action research activities were conducted at regional and country-level. These activities 
have led to country-specific project interventions and strategic design and 
implementation of effective 1-2-3 IPM strategies (1. Protein Bait, 2. Sanitation, the 
latter two for population management and 3. Lures for population monitoring). Six 
hundred  farmers were directly trained in Farmers Field Schools and another 4,000 were 
exposed to the area-wide management through field days and other community 
activities. 

Results: Increased awareness and knowledge among farmers (40-50% knowledge level 
increased). Fly population (flies per trap/day) in IPM areas reduced by 25-45% in both 
bitter gourd and guava crops. These led to less-infested and higher quality fresh produce 
and increased net return (25-30%). Project outputs also include innovative development 
of fruit fly IPM training curricula and materials (see http://ipm.ait.asia ).  
Conclusions: The set of 1-2-3 management practices coupled with practical farmers’ 
training at community level successfully reduced crop losses and increases profitability 
of vegetable and fruit crops infested by B. cucurbitae and B. dorsalis respectively. 
These results demonstrate the substantial benefits to be obtained from practicing area-
wide fruit fly IPM and rationalize up-scaling of the training interventions among Asia’s 
fruit and vegetable producers. 

Keywords: Bactrocera Fruit Flies, IPM, Farmers Field Schools, Greater Mekong Subregion
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Popularizing IPM of Fruit Flies in Cucurbits and Subtropical Fruits 
through an Area Wide Approach in North Western Himalaya 

Pankaj Sood1, Chandra Prabhakar2, Dinesh Yadav1 and Surender Thakur1 
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Himachal Pradesh, India. Email: pankajplp@rediffmail.com; 2Nuclear Agriculture and Biotechnology 
Division, Bhabha Atomic Reserach Centre, Trombay, Mumbai- 400085, India. 

Background:  Himachal Pradesh is a hilly state located in north western Himalayan 
region of India, where variety of fruits and vegetables are being cultivated by the 
farmers. Among insect pests, Tephritid fruit flies   are the major hurdle for the 
successful and profitable cultivation of fruits and vegetables even after continuous use 
of broad spectrum insecticides. Fruit flies namely Bactrocera cucurbitae, Bactrocera 
scutellaris, Bactrocera tau, Bactrocera dorsalis and Bactrocera zonata cause huge 
economic losses ranging from 35 to 80% in different crops. The existing 
recommendations fail to target the adults, eggs and the developing larva, besides 
frequent insecticidal applications leaving harmful residues on fruits and vegetables 
making them unsuitable for human consumption. To save huge damage to the crops, an 
area wide management of fruit flies was started based on mass trapping of male and bait 
application to the crops in this region. 

Methods: A low cost bottle trap (pheromone traps) based on prevalent fruit fly species 
in the region was developed with cue lure and methyl eugenol as attractants and 
validated during 2009-2010 along with other pest management modules viz. sanitation 
by destroying fallen fruits and application of bait splash (gur/ jaggery mixed with a mild 
toxicant) on farm trials. The growers were educated and motivated through awareness 
campaigns, trainings and demonstrations on the economic and environmental 
importance and value of fruit fly management using male annihilation method during 
the years 2010-2013.  

Results: The fruit fly management module is being demonstrated with the active 
participation of farmers and assistance from other developmental departments especially 
Department of Agriculture, Himachal Pradesh since 2010. The fruit fly trapping and 
management technology has been popularized in almost all the fruit fly infested districts 
of the state and now being adopted in adjoining states. Fruit fly traps installed @ 25 
traps/ ha along with bait application and sanitation not only resulted in about 40-60 % 
reduction in fruit fly population but also increased yields by 20-30% and reduced 
number of insecticidal applications saving labour costs, time and environment 
(reduction in 5 sprays). Owing to area wide adoption of the technology, it horizontally 
spread in about 1000 ha in the state till now and more than 25000 traps have been 
supplied to the farmers, in addition to neighboring districts of Haryana. The cost benefit 
ratio of IPM module was 4.27-4.51.  

Conclusions: An area wide fruit fly trapping along with other environment friendly 
technologies with participation of different stakeholders, and person to person contact/ 
education is the way out to achieve success in elimination of fruit fly complex and 
minimize the economic damage for the region. 

Keywords: Fruit fly suppression, mass trapping, area wide management, pheromone traps, and cucurbits 
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Small acreage Model Area-wide Control of 
the Oriental Fruit Fly on Guava 

Yu-Bing Huang1, 2, Ming-Yao Chiang1 and Edward Y. Cheng1 
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2Department of Entomology, Chung-Hsing University, Taichung, Taiwan, ROC 

Background: Guava is a very important economic crop which covers more than 7,000 
ha in Taiwan. However the threat of the oriental fruit fly (Bactrocera dorsalis Hendel, 
OFF) is a constant problem. Chung-Pu township of Chia-Yi County was chosen because 
guava is one of the most important horticulture crops there.  

Methods: With the cooperation of growers from Chung-Pu, an area-wide OFF control 
program was launched in 2009, including measures such as male attractants, food baits, 
pesticides, bagging and field sanitation, and monitoring pest density throughout the 
growing season using GIS tools. The object is to integrate area-wide pest management 
tactics for guava orchards to decrease the cost of production and increase the value of 
the product. In a 100 ha testing area, containing 54 ha guava orchards the control 
program started in February 2010.  
Results: Implementing area-wide integrated pest management control strategies, the 
OFF was suppressed at a low density level within two year, and the population has been 
reduced to less than 2.0 FTD (fly/trap/day). However, the threat of invasion remains at 
outside areas. Therefore continuing suppression is necessary in Chung-Pu. The study 
examined the automatic monitoring devices by using WSN and showed it was feasible 
to understand the population of real-time monitoring OFF. 
Conclusions: The small acreage model in guava is important since there are thousands 
of similar production areas like Chung-Pu in Taiwan, and field demonstration sessions 
on area-wide OFF control to other guava growers is planned to start in the near future. 

Keywords: Bactrocera dorsalis, area-wide control, guava, GIS, WSN 
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Sterile Insect Technique in Area-wide Integrated Pest Management 
for the Establishemnt of a Fruit Fly Low Prevalence Area in Thailand 
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and Naowarat Boonmee5 

1Department of Agricultural Extension, Ministry of Agriculture and Cooperatives, Chatuchak, Bangkok.  
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Background: Fruit flies of species Bactrocera dorsalis were responsible for mangosteen 
exportation trade barrier of Troknong subdistrict, one of the marketable production 
areas in Thailand. Troknong fruit flies control group was formed in 2005, and male 
attractant was applied under provincial government supporting in 2006, followed by the 
implementation of SIT during 2007-2012   in area-wide IPM under Thailand Institute of 
Nuclear Technology Research Project. In 2013, technical and budget assistant of 
Department of Agricultural Extension and National Bureau of Agricultural Commodity 
and Food Standards combined with Subdistrict Administrative Organization supported 
the establishment of the fruit fly low prevalence area under SIT area-wide IPM in 
Troknong. 
Methods:  A participative action plan for fruit flies control was designed by Department 
of Agricultural Extension in cooperation with stakeholders in the   area  and financial 
support of National Bureau of Agricultural Commodity and Food Standards and 
Subdistrict Administrative Organization. GPS/GIS were applied for area mapping, fixed 
sterile flies release points and trapping network system marking. Requested special 
technical issues were transferred to stakeholders and fruit flies control campaign was 
launched. With government support, 31 weekly releases of 5 million sterile B. dorsalis 
were carried out in core area from Mar to Sep 2013 and 10 million flies were released 
weekly in both core area and buffer zone in May. Quality control of sterile flies and 
traps service were   carried out weekly while fruit sampling was conducted twice a 
month. Subdistrict Administration Organization participated with growers responsible 
for  orchard sanitation, removing wild host , mass traping  and  monitoring traps. 
Evaluation was conducted by Department of Agricultural Extension and National 
Bureau of Agricultural Commodity and Food Standards. 
Results: Approximately over 200 million sterile B. dorsalis were released in Troknong 
subdistrict selected fruit flies control area in seven months. Monthly average F/T/D of 
B. dorsalis, the major pest was 0.79, 1.16, 0.82, 1.79, 1.18, 0.92 and 1.06, respectively 
while average Sterile/Native was   0.06, 1.17, 4.17, 2.96, 5.80, 10.08 and 16.91. 
Fourteen of 18 varieties of sampling fruits were shown potential as fruit flies host. 
Psidium guajava (guava) was indicated as fruit flies primary host. 

Conclusions: Sterile insect integrated with other control techniques could maintain the 
wild population of B. dorsalis at the low level while increased S/N ratio in the area 
within short period. Further efforts following the International Standards for 
Phytosanitary Measures could lead the area reach the goal of fruit fly low prevalence 
area.   
 

Keywords: fruit flies control group, area-wide integrated pest management, sterile insect, 
     low pest prevalence area 
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Management of Fruit Fly, Bactrocera cucurbitae (Coquillett) Infesting 
Gherkins Using Area Wide Control 

Chandra Munikote and Ranganatha Mouli 
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Email: chandramouli.mr@globalgreengroup.com   

Background: The melon fly, Bactrocera cucurbitae, is a serious pest of gherkin or 
(Cucumis sativus), which is cultivated by small individual farmers but collectively on a 
large scale through contract farming in southern peninsular India for export to 
international markets. Intensive control measures undertaken by individual gherkin 
farmers were insufficient as fruit damage was above 4%, and highly unacceptable to the 
export market. An area-wide management (AWM) program using a combination of 
male annihilation technique (MAT), protein bait application technique (BAT) and sugar 
baits was thus attempted for more effective management of the melon fly. We report 
here on the success of this area-wide management program in suppressing melon fly 
populations, and reducing and maintaining melon fly damage on gherkin at levels 
acceptable for export markets.   
Method: The AWM program was undertaken over an area of approximately three square 
km in Kashapura village of Gauribidanur taluk, Chickaballapura district, southern 
Karnataka, over the period of April 2008 to March 2010. The AWM area comprised 
gherkin (10%), other crops (50%) and fallow area (40%) within a central zone 
surrounded by a 50m buffer zone. The control methods used were MAT, BAT, and 
sugar baits. Male annihilation was achieved through cue lure + chlorpyriphos blocks 
(Nomate life time* from Agri Land) placed at 50 m intervals within the central zone, 
and 25 m apart within the buffer zone. The cue lure blocks were replaced monthly.  
Protein bait (Prima protein bait from Malaysia) plus malathion spot sprays were applied 
at weekly intervals to the gherkin crop. In addition, a sugar (10 % jaggery) plus 
malathion solution was applied to the maize grown as a border crop surrounding 
gherkin. The same treatments were imposed in individual gherkin plots situated 3 km 
away from the AWM area. To evaluate the effectiveness of the AWM program, melon 
fly populations (number of fruit flies trapped per day - FTD) were monitored 
continuously using cue lure traps that were inspected weekly. Levels of fruit fly damage 
to gherkin fruits at harvest were assessed by dissection of fruits in the factory.  

Results: Treatments with MAT, BAT and sugar bait sprays in the AWM area trapped 
0.9 FTD during first week of January 2008 and this was reduced to zero during the last 
week of April 2010. In comparison, treatments with MAT, BAT and sugar bait sprays in 
the control area outside the AWM area still trapped 0.02 flies in the last week of April 
2010. In harvested gherkin fruits, fruit fly infestation in the AWM area was reduced to 
0.3 %, which is acceptable by the factory compared to an infestation level of 1.5% in 
the control area. 
Conclusions: Area wide management with treatments, MAT, BAT and sugar bait  
sprays were highly effective in reducing infestation by melon fly in gherkin to less than 
0.3 per cent, and enabled the gherkin industry in southern India to meet with the 
stringent quality required by international export markets. 

Keywords: Bactrocera cucurbitae, MAT, BAT, Area wide management, FTD 
 

mailto:chandramouli.mr@globalgreengroup.com


12-16 May 2014, Bangkok, Thailand | 107 

Advance in the National Programme against Fruit Flies in Mexico 
José Manuel Gutiérrez-Ruelas, Rubén Angel Hernández-Livera, Francisco 
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Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria (SENASICA). Dirección General de 
Sanidad Vegetal (DGSV). Av. Guillermo Pérez Valenzuela No. 127 Colonia del Carmen Coyoacán, C.P. 
04100 México, D. F. E-mail: jruelas@senasica.gob.mx 

Background: In 1992 the Government of Mexico established the National Program 
against Fruit Flies (NPFF) in order to control populations of Anastrepha ludens, A. 
obliqua, A. striata and A. serpentina, and the establishment of Fruit Flies Pest Free 
Areas (FF-PFA) and Areas of Low Pest Prevalence for Fruit Flies (ALPP-FF), under an 
Area-Wide Integrated Pest Management (AW-IPM) approach, including the Sterile 
Insect Technique (SIT) and the Augmentative Biological Control (ABC).  
Methods: Strategic alliances were established among the Federal Government, State 
Governments and fruit producers, to combine efforts and economic resources to 
implement the Strategic Plan for the control of these species. A Cooperation Agreement 
was signed with the Interamerican Institute for Cooperation on Agriculture (IICA) for 
the production of sterile flies A. ludens and A. obliqua, and the parasitoid 
Diachismimorpha longicaudata. Specific projects to perform basic and applied research 
were implemented with the Institute of Ecology AC, and the International Atomic 
Energy Agency (IAEA). Currently, the SIT is applied over 100 000 ha of citrus, mango 
and guava, for which we operate eight fly emergence an release facilities for packaging, 
handlingand release of sterile flies using the chilled adult and aerial releases system. On 
a weekly basis, about 185 million of sterile pupae are packed at this facilities, using 
PARC boxes or towers “Mexico” or “Worley” type. After emergence, adult flies are 
treated with juvenile hormone through the food, in order to accelerate sexual maturity.  

Results: International recognition of FF-PFA are recognized by United States of 
America, New Zealand, European Union and Japan. Bilateral agreements were signed 
for the exportation of fresh fruit to different international markets. The Moscafrut mass-
rearing facility has an average weekly production of 125 million of A. ludens, 60 
million of A. obliqua and 25 million of D. longicaudata. As of January 2014, 51.10% 
(1,001,242.57 Km2) of the Mexican territory has been recognized as PFA-FF, and 
9.75% (190,951.97 Km2) as ALPP-FF. From PFA-FF, there have been exported 36,518 
tons of mango, 20,482 tons of orange, and 764 tons of peach, with a total trade value of 
US$ 50.7 million. As future improvement, more strains of parasitoids (e.g., Coptera 
haywardi and Doryctobracon crawfordi), are kept at the Methods Development area, 
which in short time could be scaled up to mass production with the aim to strengthen 
the biological control of the fruit flies. A new genetic sexing strain of A. ludens was 
obtained which differentiated by black pupae in females, which allows the exclusive 
selection of males. This condition is a relevant attribute for the SIT, so it has been 
started an evaluation of the quality of the strain, and scaling up for mass-production. 
Conclusions: The NPFF has been successful in accomplishing its mission, and 
according to an economic evaluation performed by external advisers there has been a 
cost –benefit rate of 1 / 24. The whole document can be consulted at the following 
URL: http://webiica.iica.ac.cr/bibliotecas/repiica/B1681E/B1681E.pdf. Nevertheless 
there are some challenges that NPFF face in the future, like the development of a dry 
trap, the search for a parapheromone for Anastrepha spp., or to obtain appropriate 
funding for area-wide with a complex socio-ecological environment.  
Keywords: Area-Wide, Integrated Pest Management, Sterile Insect Technique, Anastrepha spp., Pest Free 
Areas, Area of Low Pest Prevalence. 
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Industry-Government Partnership in the Management 
of Fruit Flies in Australia  

Rodney Turner and Nicholas Woods 
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rturner@phau.com.au 

Background: With over 280 species of fruit flies present in Australia the management of 
fruit flies presents a major challenge to government and industry. Fortunately in 
Australia only seven of the fruit fly species are considered to be economically 
significant. The two that are most significant are the native Queensland fruit fly 
Bactroceratryoniand Mediterranean fruit fly, Ceratitiscapitata, In addition, there are a 
number of other potentially economic fruit fly species that are exotic to Australia, 
against which significant resources are allocated to ensure Australia remains free from 
these pests. 

Methods: In March 2008, Plant Health Australia (PHA) released the first 
comprehensive National Fruit Fly Strategy (NFFS) for Australia. This strategy 
considered endemic and exotic fruit flies and made 20 recommendations which 
provided a “blueprint for action” for industry and government to work together to 
improve the management of fruit flies in Australia. The parties agreed to the formation 
of an Implementation Committee which assessed which of the 20 recommendations had 
high priority and developed an Action Plan with cost estimates so that the stakeholders 
could effectively implement the strategy. What is unique with this strategy and the 
governance arrangements is that for the first time industry and government worked in 
partnership to identify common areas of high priority and determined how funding of 
these would be shared based on the benefits of the improvements.   

Results: The Implementation Action Plan covered all aspects of the national fruit fly 
response including planning, surveillance, diagnostics, standards, operational 
management, research and communication. Outcomes from this partnership included 
development of preparedness plans for the incursion of exotic fruit flies, development of 
the Australian Handbook for the Identification of Fruit Flies and more recently a 
government industry initiative on sterile insect technology. Industry have also gained a 
better understanding of regulatory processes for trade and have been able to improve 
interstate trade conditions by presenting alternatives to the regulators. PHA as a 
government industry body guided the development of the NFFS and then facilitated the 
development of the Implementation Plan. This “honest brokering role” of PHA has been 
used in many situations since and provides a “template” for how government and 
industry can work together for a common agreed biosecurity outcome. 

Conclusions: With the development of the NFFS and the subsequent Implementation 
Plan, Australia has a framework in which to prioritise efforts to manage fruit flies both 
endemic and exotic.  PHA through its role as facilitator of the government arrangements 
brought industry and governments together so that a comprehensive cohesive plan could 
be developed to prioritise activities within limited financial arrangements. PHA’s 
unique role in facilitating this partnership was the key to this success.  

Keywords: National Strategy, Bactroceratryoni, Ceratitis capitata
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Abunance of Bactrocera invadens in Central Sudan 
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1Agricultural Research Corporation (P.O. Box 126 Wad Madeni, Sudan Email: abdelgaderh@yahoo.com 
),  2University of Gezira (Sudan),  3 Citrus Research International (South Africa) 

Background: The newly described species of Tephritidae, Bactrocera invadens appears 
to have invaded Africa from Sri Lanka. In Africa it has been detected in Kenya and 
Tanzania in 2003 and it had spread to more than 20 countries in Central Africa where is 
reported as pest of economic importance. This fruit fly is highly invasive and 
polyphagous with high reproductive potential.  
Methods: A survey was initiated in 6 orchards of mixed fruits in central Sudan (Gezira 
and Khartoum areas) between December 2011 and August 2012. In this study Chempac 
bucket traps were used to capture fruit fly species. Methyl eugenol was used to attract 
the fruit flies and Dichlorvos tablets were used to kill any attracted flies 
Results: The results showed a differential abundance of the three sites surveyed in 
Gezira area. The weekly number of B. invadens adult flies attracted in the three sites 
ranged between 50-900, 36-1207 and 104-2027 for Hantop 1, Hantop 2 and Geziert 
Alfil respectively. In Khartoum area in the three sites surveyed the weekly number of 
fruitflies caught ranged between 12-47, 12-29 and 22-25 for Alfaki Hashim, Shambat 
and Albagir sites, respectively.  

Conclusions: The study showed that Bactrocera invadens was capable to established 
in all locations surveyed, however the infestation in Gezira area was higher. 

Keywords: methyl eugenol. Bactrocera invadens, Sudan, Gezira, Khartoum. 
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Adult Diet Manipulation Affects the Sexual Signaling 
of Male Medflies (Ceratitis capitata) 

Stella Papanastasou and Nikos Papadopoulos 
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Background: The sexual signaling of male medflies, Ceratitis capitata (Diptera: 
Tephritidae) is affected by several factors including adult diet. We studied, under 
constant laboratory conditions, the effect of diet manipulation (sugar only, sugar plus 
yeast hydrolysate) on the sexual signaling of male medflies (F1 generation).  
Methods: Following a 2-hours daily observation we recorded the sexual signaling of 
each male throughout the life course. Diet switch was applied at the age of 15 days that 
defines the attainment of sexual maturity in wild male medflies.  

Results: The frequency of sexual signaling of males fed continuously the full diet (yeast 
hydrolysate plus sugar) was higher throughout their entire lifespan compared to males 
fed only sugar. Males that fed only sugar until the age of 15 days and then had access to 
a full diet performed sexual signaling in comparable frequency to males fed 
continuously a full diet. On the contrary, males that fed a full diet until the age of 15 
days and then switched to a sugar only diet reduced significantly the frequency of 
sexual signaling. Males that gained access to yeast after attaining sexual maturity 
increased rapidly their sexual signaling while males that had access to a full diet until 
sexual maturity maintained their sexual signaling in relatively high levels until the age 
of 50 days.  

Conclusions: These results contribute towards understanding the allocation of food 
resources between reproduction and longevity in male medflies. 

Keywords: Ceratitis capitata, food manipulation, sexual signaling, sexual calling 
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Are Fruit Flies Affected by Flooding? 
G. Nagalakshmi1, Abraham Verghese2 and M.A. Rashmi3 
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avergis@iihr.ernet.in; 3 Department of Entomology, University of Agricultural Sciences, GKVK, 
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Background: Spikes in climate that cause extreme drought, tsunami, floods etc. affect, 
man, wildlife and many small mammals and birds. Often, effects of climate aberrations 
on invertebrates go unnoticed. Soil dwelling invertebrates are bound to be affected by 
weather vagaries, especially floods which saturate the ground for prolonged periods.  
Methods: A laboratory experiment was conducted at Indian Institute of Horticultural 
Research, Bangalore to study the affect of flooding on Oriental fruit fly (Bactrocera 
dorsalis) pupation and emergence. The study was conducted at three levels, partially 
wet soil, completely wet soil and dry soil. A set of 10 third instar maggots were released 
into cups with 5cm soil and observed for the pupation and emergence.  

Results: The results showed that in partially wet soil and completely dry soil the pattern 
of pupation was similar, the maximum pupation (3.6) was noticed at 1-2cm depth and 
up to 3-4cm depth pupation (1-0.4) was observed. Whereas in completely wet condition 
although few of the maggots (0.4) thrived to pupate up to 2-3cm depth, maximum (7.8) 
of them pupated in outer surface of the experimental cups.  
Conclusion: The results obtained will be useful in understanding biology and fine 
tuning of fruit fly IPM. 

Keywords: Bactrocera dorsalis, floods, pupation, soil. 
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Background: Olive fruit fly, Bactrocera oleae, has become a key pest in California 
commercial olive orchards used for canned fruit and oil since it was first discovered 
in1998. Elucidation of the biology and behaviour of olive fruit fly in relation to its 
host has been a major factor in development of new control techniques. Implementation 
of a series of control strategies to olive fruit fly management was investigated for 
reducing infestations in olives. 
Methods: Rearing olive fruit fly life stages to conduct laboratory, greenhouse, and 
field tests was accomplished by collecting infested olives from the coastal areas of 
California. Emerging larvae were collected as pupae, placed in cages until adult 
emergence, provided non-infested olives for oviposition, and the fruit held to produce 
specific life stages for laboratory and greenhouse tests. The response of life stages to 
temperature, humidity, and mobility in test arenas was determined through various 
replicated tests in different simulated environments. A parasitoid, Psyttalia humilis 
was imported from Guatemala and studied in laboratory tests or released to 
determine rates of parasitism in different regions of California. Trapping techniques 
for monitoring and a novel attract and kill trap created from corrugated plastic were 
evaluated for attractiveness to olive fruit fly adults and effectiveness. 

Results: Olive fruit fly adults survived with food and water in chambers for 63 days 
at constant 15°C and 59% RH; and 4 d with and 2 d without provisions at 35°C and 
29% RH. In the greenhouse, survival was 203 d at 26°C and 63% RH daytime and 8-
11d at 36°C and 31% RH daytime. In the field, the greatest number of adults monitored 
with yellow sticky traps with baits and lures was collected in fall, and highest number 
of pupae was collected from non-harvested fruit in the spring (mean 6.4 per 10 g fruit). 
One adult could be reared per ≥ 1 cm long fruit in cage tests. Olive fruit fly larvae had 
three instars based on length and the third instar was capable of travelling for 6.9 h 
over 23.9 m. Biological control attained as high as 100% control under ideal coastal 
conditions, but lacked permanency. 

Conclusions: Olive fruit fly can be reduced to low numbers in the hot and arid 
California Central Valley where the pest is susceptible to high temperatures. 
Suppression methods, include trapping after bloom, early harvest, removal of 
unpicked fruit, elimination of standing water in orchards, precise use of bait sprays 
possibly with attract and kill traps, and active monitoring programs to determine 
abundance and dispersal. Biological control may be practical in coastal regions when 
infested fruit may be present throughout the year. Combined suppression practices can 
reduce the pest to non-economically important levels that can be tolerated by the canned 
fruit and olive oil industries. 

Keywords: Bactrocera oleae, Olea europaea, Psyttalia humilis, California olives, suppression 
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Ceratitis capitata-Wolbachia Symbiosis: the Impact of the Symbiont on 
Host Development and Male Mating Competitiveness 

G.A. Kyritsis1,2, Nikos Papadopoulos2, Carlos Cáceres-Barrios1 
and Konstantinos Bourtzis1, 3, 4 
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Background: Wolbachia pipientis is an obligatory intracellular maternally inherited 
alphaproteobacterium, perhaps the most widespread endosymbiont on Earth. This 
symbiont commonly induces Cytoplasmic Incompatibility (CI) in insect species. In 
Diptera, CI is expressed as embryonic lethality in crosses between infected males and 
uninfected or infected females with different bacterial strain. Wolbachia-infected lines 
of Ceratitis capitata have been established and express 100% CI and could potentially 
be useful to enhance SIT programs. However, these lines have not been assessed under 
standard quality control tests in order to evaluate the impact of the symbiont on host 
development and male mating competitiveness.  
Methods: We compared five (5) Ceratitis capitata laboratory strains: (a) Vienna 8 
genetic sexing line (GSS), (b) Benakeio, (c) Vienna 8 GSS carrying Wolbachia strain 
wCer2, (d) Benakeio 88.6 carrying Wolbachia strain wCer2 and (e) Benakeio S.10.3 
carrying Wolbachia strain wCer4. These five strains were investigated for the effect of 
Wolbachia on host development and male mating competitiveness.  

Results: Significant differences in egg-to-adult survival and male mating 
competitiveness were observed between the five Ceratitis capitata laboratory strains. 
Statistical analysis is in progress to evaluate whether these differences are due to host 
genetic background, symbiont strain or both.  

Conclusion: This study provides important information about the effect a widespread 
symbiont, Wolbachia, may have on Mediterranean fruit fly biology and mating 
behaviour and could serve as a model for similar studies in other agricultural pests and 
disease vectors. This knowledge is a prerequisite to evaluating the potential of 
Wolbachia symbiosis and CI for application and the enhancement of SIT. 

Keywords: Ceratitis capitata, Wolbachia, Sterile Insect Technique, Symbiosis 
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Comparison of Three Marking Methods Used to Assess Sexual 
Performance of Anastrepha ludens (Diptera: Tephritidae) 
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Programa Operativo Moscafrut. Camino a los Cacaotales S/N, Metapa de Domínguez, Chiapas C. P. 30860.  
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Background: For Sterile Insect Technique (SIT) applications it is necessary to mark 
sterile insect to discriminate them against the wild ones in nature. In fruit flies, a 
mixture of a fluorescent substance and dry powder is used. This mark is internalized 
by the insect during adult eclosion. This technique is efficient to identify flies captured 
in traps, but is not useful for the observation of live insects in quality control tests. To 
estimate sexual performance under field cage conditions, insects should be marked to 
enable the identification and monitoring of strains or individual insects. In this study, 
we compared three marking methods commonly used in sexual performance 
evaluations of fruit flies under field cages conditions. 
Methods: The tests were performed using sterile and wild sexually mature Anastrepha 
ludens flies (12 and 18 days old, respectively). Wild flies were obtained from 
infested sour orange (Citrus aurantium).  Mass-reared flies were obtained as pupae 
from Moscafrut facility, located in Metapa de Dominguez, Chiapas, Mexico. Two 
days before the field cage test insects were marked according to the following 
marking methods: ( a) printed numbers glued on the thorax (PN); ( b) a spot of 
acrylic paint on the thorax (AP); (c) through food intake (FI) with a vegetable dye; 
and (d) no marking (NM) (control). We conducted two types of tests: (1) Male sexual 
performance with different marking methods: in a field cage 10 PN males, 10 AP 
males, 10 FI males, 10 NM males and 10 wild males and 50 wild females were 
released. We recorded the number of matings and collected in vials for later 
identification. The marking of a fluorescent substance was the differential signal of 
the insects unlabeled. We evaluated 17 cages using different cohorts of insects in each 
replicate; (2) Effect of colour marking. Five colours plus the control were tested. In 
each field cage, ten sterile males marked with a given colour were released. Colours 
tested were white, red, black, yellow, green and no marking. Sixty unmarked wild 
females were released per care. The number of matings per different treatment was 
recorded. Ten cages were evaluated. Data was analyzed through analysis of variance 
(ANOVA) followed by a Tukey separation of means test.  
Results: The results of the study indicated no significant difference between males 
mating with different marking methods. Nor differences were observed between 
males marked and unmarked. In evaluating the effect of the colour, mating tests 
indicated no significant differences, as well. 
Conclusion: Marking methods do not affect sexual performance of sterile males or 
wild female choice. Any of the 3 methods and any of the five colours evaluated can be 
used to mark flies in sexual performance tests. 
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Defensive Role of Tannins against Fruit Fly, Bactrocera dorsalis 
(Hendel), Damage in Mango 
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Subhash Kandakoor1 and Sumathi M.3 
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Background: Mango (Mangifera indica L.) is one of the most important tropical 
fruits in the world and currently ranks fifth in total world production among fruit 
crops. The oriental fruit fly, Bactrocera dorsalis (Hendel) (Diptera: Tephritidae), is a 
major pest of mangoes in India, particularly the more commercially valuable varieties.  

Methods:  The study was undertaken to determine the defensive role played by 
tannins present in mango peel in the prevention of B. dorsalis infestation. Seven 
different varieties of mango were tested for their tannin content at different stages of 
maturity.  

Results: The results illustrated significant differences in the tannin contents, i.e. lower 
tannin levels between 8.17 and 9.93 mg/g dry  weight in peels of susceptible varieties 
(Totapuri, Alphonso and Banganapalli), 10.67 and  11.71  mg/g  in  moderately  
resistant  varieties  (Dasheri  and  Mylepellian), whereas in resistant varieties (Langra, 
EC-95862) it was higher – between 13.08 and 13.66 mg/g. At 50% maturity all the 
varieties had same tannin levels; however, as maturity progressed (50-100%) the 
levels of tannin reduced in all except for the resistant varieties, which maintained the 
same tannin content in the peels of mango fruits. B. dorsalis infestation under field 
conditions were 22-64% in susceptible varieties, 10-28% in  moderately  resistant 
varieties, whereas in resistant varieties no infestation was observed.  

Conclusion: The presence of high tannin content in mango  peel at critical stages of 
B. dorsalis infestation (75-100% maturity) therefore played an important role in 
deterring or preventing fruit fly damage in mango. The results obtained will be useful in 
host plant resistance and chemical ecology studies. 

Keywords: Bactrocera dorsalis, infestation, fruit fly, mango, tannins. 
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Description of Rhagoletis cerasi Pupal Developmental Stages During 
and After Diapause Termination: Indications of Prolonged Diapause  

Stella Papanastasou and Nikos Papadopoulos 
Laboratory of Entomology and Agricultural Zoology, Department of Agriculture Crop Production and 
Rural Environment, School of Agricultural Sciences, University of Thessaly, 38446 Volos, Greece 
E-mail: stelapap@hotmail.com, nikopap@uth.gr. 

Background: The European cherry fruit fly, Rhagoletis cerasi L. (Diptera: Tephritidae), 
is a univoltine species that undergoes obligatory pupal diapause. In the present study we 
describe the developmental stages of R. cerasi pupae, with special emphasis on the post-
diapause period.  
Methods: Pupae were held for 7 months at 3°C, after which they were brought to 25°C 
(the optimum temperature for development). The six most representative developmental 
stages within the puparium are illustrated, and the developmental progression after the 
end of the chilling period is also provided.  
Results: Within 20 days post chilling there was a gradual progress from stage I to stage 
VI (pharate adult). However, after 20 days at 25°C approximately 30% of the pupae 
remained at the transitional stage II. This suggests that a proportion of pupae (that had 
already terminated diapause) remain at the intermediate developmental stage II for an 
extended period of time (at least 20 days post chilling) when at an optimum temperature 
for development.  
Conclusions: This finding agrees with previous studies proposing that a number of R. 
cerasi pupae undergoes prolonged diapause; but this is the first time the morphological 
characteristics of these pupae have been described. 

Keywords: Rhagoletis cerasi, diapause, dormancy, prolonged dormancy, pupae development 
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Distribution and Phylogeny of Wolbachia Endosymbionts Associated 
with Indian Tephritid Fruit Fly Populations 

Chandra Prabhakar, Ashok Hadapad and Ramesh Hire 
Nuclear Agriculture and Biotechnology Division, Bhabha Atomic Research Centre, Trombay- 400 085, 
Mumbai, India. E-mail: drcsp@barc.gov.in 

Background: The Bactrocera complex of fruit flies (Diptera: Tephritidae) comprises 
major insect pest species of fruit and vegetable crops in tropical and subtropical regions, 
and can cause 30-100% crop damage. The eco-friendly management of fruit flies is 
crucial for the harvest of healthy and farm-fresh fruits and vegetables. Recently, a 
Wolbachia-based control strategy has been studied successfully with the induction of 
cytoplasmic incompatibility in insect pests, including fruit flies. Eleven supergroups of 
Wolbachia (A to F and H to L) have been reported from different organisms, and most 
parasitic supergroups A and B are found in insects. Wolbachia infections in the natural 
population of tephritid fruit flies from India have not been reported so far. Hence, we 
investigated Wolbachia infections in tephritids collected from different geographical 
locations in India. 
Methods: Natural populations of different Bactrocera species were collected from 11 
geographical locations across India. A total of 167 individuals belonging to five 
different species of Bactrocera, viz. B. correcta (30), B. cucurbitae (94), B. dorsalis 
(20), B. caudata (10) and B. tau (13) were used to screen Wolbachia using the 
Wolbachia-specific 16S rRNA gene (wspec) amplification and sequencing. Further, the 
phylogenetic relationship with the Wolbachia supergroup in natural population of 
Indian fruit flies was determined based on wspec gene sequences. 
Results: Wolbachia infection was detected in B. cucurbitae, B. dorsalis and B. tau, but 
was not observed in B. correcta and B. caudata. Wolbachia infection was present in 11 
natural populations of B. cucurbitae. Maximum prevalence (100%) of Wolbachia 
infection was observed in B. cucurbitae samples from southern and western India, while 
minimum infection (25%) was observed from samples of eastern India. B. dorsalis and 
B. tau samples collected from southern and northern India showed 60 and 61.5% 
Wolbachia infection, respectively. Phylogenetic studies based on wspec gene sequences 
suggested that Wolbachia detected in B. cucurbitae, B. dorsalis and B. tau belong to the 
Wolbachia supergroup A.  

Conclusions: This study observed the existence of Wolbachia in widely-spread natural 
populations of tephritid fruit flies in India. Among the Bactrocera species, B. cucurbitae 
populations are most associated with Wolbachia infection. This study will be helpful in 
devising eco-friendly management strategies against important fruit fly pests.  

Keywords: Endosymbionts, 16S rRNA, tephritidae, Bactrocera species complex, phylogeny 
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Distribution of Fruit Fly Species and their Host Range 
in the Gezira Area of Sudan 

Rania Elaraky, Faiza Salah and M.H.Z. Elabedeen 
Agricultural Research Corporation, Wad Medan, P. O. Box 126, Sudan. E-mail: faizaruba@yahoo.com 

Background: This study was conducted in the Gezira state of Sudan during 2008-2009. 
The objectives of the study were the identification of fruit fly species that affect fruit 
trees (mango, guava, banana) and vegetables (cucurbits).  
Method: Fruits and vegetables infested with fruit flies were collected and brought for 
rearing to the integrated pest management laboratory of Gezira Research Station. They 
were identified at the Insect Taxonomy Unit at the Agriculture Research Corporation, 
Wad Medani, Sudan.  
Results: The fruits were infested by Bactrocera invadens and Ceratitis cosyra, and 
cucurbits by Dacus vertebratus. Guava was highly infested by B. invadens and C. 
cosyra; infestation by B. invadens ranged between 78 and 100% and by C. cosyra 
between 0 and 22%. Mango infestation by B. invadens ranged between 73.1 and 100%, 
and by C. cosyra between 0 and 19.4%. B. invadens infested 80% of banana, and 
infestation on cucurbits was 100%.  
Conclusions: The result showed that B. invadens is the dominant tephritid species on 
fruit trees. 
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Effect of Capsaicin on Biology of Bactrocera latifrons (Hendel)  
(Diptera: Tephritidae) 

Anothai Wingsanoi1, Nutcharee Siri2,3 and Jeremy McNeil4 
1Faculty of Natural Resources, Rajamangala University of Technology Isan, Sakon Nakhon Campus,   
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Background: Bactrocera latifrons (Hendel) (Diptera: Tephritidae) is a cosmopolitan 
species that infests 11 solanaceous and 4 cucurbitaceous crop plants, and is reported as a 
serious pest of cultivated peppers. It is native to South and Southeast Asia that has been 
recorded in China, Hawaii, India, Laos, Malaysia, Pakistan, Sri Lanka, Taiwan, Japan, 
and Thailand. In Thailand, B. latifrons causes significant losses in pepper crops.  
Infestation occurs from the fruiting to the harvesting stage, and infests 43.0% of the 
crop of cv. Yuyi 80 (Capsicum annuum L.). Farmers frequently use insecticides to 
control this B. latifrons but this results in insecticide residues in fruits and also 
associated environmental and health effects. In order to develop alternative and safer 
strategies for the management of this species on peppers. A better knowledge of the B. 
latifrons/host-plant interaction is needed. One possibility is the presence/absence of 
capsaicin, an active component of peppers which, together with related compounds 
produced by peppers called capsaicinoids, is a known irritant or deterrent organisms. 
However, knowledge on the effect of these products on B. latifrons is lacking. A study 
was therefore undertaken to determine if different levels of capsaicin levels in, or 
pungency of, a number of  pepper cultivars affected infestation by this pest. 
Methods: The total capsaicinoid content of five pepper cultivars (Jinda, Yodson, 
Superhot, Sauce and Sweet) were extracted and quantified with HPLC-DAD. The effect 
of capsaicin on larval development and egg product ion o f B. latifrons was 
observed. The effect of capsaicin levels of the five pepper cultivars on the biology of 
fruit fly was undertaken using fresh pepper fruits and artificial lar va l diet. The 
concentration of capsaicin solution was added to artificial diet according to 
capsa ic in  level of each cultivar.   

Results: The total capsaicinoid content obtained from whole pepper fruit was highest 
on cv. Superhot followed by Jinda, Yodson, Sauce and Sweet peppers, respectively. 
Fruit fly larvae reared on fresh pepper fruits and artificial diet showed no difference 
in biology of fruit fly in terms of body size and number of eggs per female. 

Conclusions: It was evident that the capsaicin levels of the pepper cultivars tested did 
not play an important role in the larval development and egg production of B. latifrons. 
Other alternative means of B. latifrons management on peppers therefore need to be 
studied. 

Keywords: Bactrocera latifrons, capsaicinoids content, capsaicin, artificial diet, pepper cultivar. 
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Effect of Citrus Peel in the Viability of Anastrepha fraterculus (Wied.) 
and Ceratitis capitata (Wied.) Immature Stages 

Josefina Ruiz1,2, Laura Juárez2,3, Raúl Alzogaray2,4, Federico Arrighi2,5,                   
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Background: Various compounds, present in the essential oil of citrus peel, are involved 
in certain important mechanisms of resistance of citrus against fruit fly infestation and 
determine the condition of a given fruit as a host. For the South American fruit fly, 
Anastrepha fraterculus it has been postulated that lemon is not a host and for the 
Mediterranean fruit fly, Ceratitis capitata, its status as potential non-host is well 
recognized. We evaluated the toxic effects of the peel ether extracts from lemon and 
grapefruit, as well as the effects of two pure compounds (limonene and citral) on the 
viability of eggs and larvae of A. fraterculus and C. capitata. 
Methods: Eggs and first instar larvae were exposed to different concentrations of 
extracts and pure compounds. The number of hatched and unhatched eggs was 
quantified after five days of incubation at 25°C.  Larval mortality was determined after 
24 h of exposure. The chemical composition of peel ether extracts was established by 
Gas Chromatography-Mass Spectrometry (GC-MS).  

Results: All products assayed produced a dose-dependent mortality on eggs and larvae 
of both species, being larvae more sensitive than eggs. Citral at the highest 
concentration tested (0.02 µl/µl carboxymethylcellulose emulsion) was more toxic to 
eggs of A. fraterculus than to eggs of C. capitata. Grapefruit extract displayed a higher 
toxicity on eggs of A. fraterculus than on C. capitata eggs. Lemon extract and limonene 
were equally toxic to eggs of both species. Extracts and pure compounds produced 
identical toxic effects on larvae of both fruit fly species. The chemical composition of 
grapefruit and lemon essential oils was different.  

Conclusions: As observed for other fruit fly species, grapefruit and lemon extracts as 
well as citral and limonene result toxic to A. fraterculus and C. capitata immature 
stages thus confirming that host resistance is related to plant chemical products. 
Differences observed in the toxicity on eggs of the two fruit flies tested might be due to 
differences in the permeability of the chorion to certain compounds.  

Keywords: South American fruit fly, Mediterranean fruit fly, essential oil, toxicity, chemical resistance 
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Effect of Low and High Temperatures on the Sexual Calling Behaviour 
of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) 

Nikos Kouloussis, Olga Pliakou and Dimitrios Koveos 
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and Parasitology, 541 24 Thessaloniki, Greece; Email: nikoul@agro.auth.gr 

Background: Temperature is an environmental factor that greatly affects the abundance 
and distribution of a species. For the Mediterranean fruit fly, Ceratitis capitata (Diptera: 
Tephritidae), the temperature range of growth is between 12 and 35°C. However, in the 
field, adults may be exposed temporarily to temperatures outside these limits and that 
may affect their sexual behaviour. In the present work we studied the effect of certain 
low and high temperatures on the sexual calling behaviour of laboratory-reared adult males. 

Methods: Ten days after emergence males were exposed for 2 hours to low and high 
temperatures. They were then transferred to Plexiglas® cages in groups of 10 at 25 ± 1°C, 
and for the next 10 days the number of individuals that released sex pheromone during 
the period 12:00 and 14:00 was recorded. 

Results: The results show that exposure to temperatures of 2 and 0°C does not influence 
male calling compared with the control (25°C), while exposure to -2°C reduced calling 
but this was not statistically significant. By contrast, significant reduction in calling was 
observed at -4 °C. Regarding the high temperatures, exposure to 37 and 38°C did not 
show any influence on calling, whereas exposure to 39 and at 40°C caused a statistically 
significant decrease in calling (Tukey HSD, α=0.05). The influence of the above 
temperatures was very strong during the first days of measurements and less 
pronounced later. 
Conclusions: 1. The results show that sexual calling is affected by short periods of 
thermal stress at temperatures below 0°C or higher than 38°C. 2. The fact that the 
influence of the above temperatures decreased with time implies an ability of males to 
recover from the stress. 
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Exposure of Male and Female Bactrocera oleae Flies to the Aroma of  
a-Pinene Increases their Mating Competitiveness 
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Background: Contrary to other Tephritidae, both female and male olive flies, 
Bactrocera oleae, release pheromones during their sexual communication. Alpha-
pinene, a common plant volatile found in high amounts in unripe olive fruit and leaves, 
has been detected as one of the major components of the female pheromone. However, 
possible effects of α-pinene and that of other host volatiles on the mating behaviour of 
the olive fly have not been investigated. Using wild olive flies reared on olive fruit for 
three generations in the laboratory, we explored whether exposure of male and female 
olive flies to α-pinene affects their sexual performance. 
Methods: The mating competitiveness of sexually-mature 14-, 15- and 16-day-old males 
exposed to α-pinene was tested on day 17 against similar non-exposed males in choice 
experiments (1:1:1, exposed male:non exposed male:non exposed female). A similar 
experimental protocol was followed to test the mating performance of females exposed 
to α-pinene (1:1:1, exposed female:non-exposed female:non-exposed male). 

Results: Exposure of sexually mature adult olive flies to the aroma of α-pinene 
significantly increased the mating performance over non-exposed individuals. 
Interestingly, exposure to a-pinene boosted the mating success of both males and female 
olive flies. It appeared that exposure to α-pinene did not affect either the precopulatory 
period or the mating durations of both males and females.  
Conclusions: This is the first report on the effect of α-pinene on on the mating 
behaviour of olive fly, and the first time that a single plant volatile has been reported to 
induce the reported phenomenon on both sexes of a single species. We discuss the 
possible associated mechanism and provide some practical implications.  
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Feeding and Mating Behaviour of the Chinese Citrus Fly 
Bactrocera minax in the Field 
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Background: The Chinese citrus fly, Bactrocera minax (Enderlein), is a serious tephritid 
pest that infests citrus fruits in China. The prevalence of B. minax is becoming 
increasingly serious after this species was removed from the quarantine list in China in 
2009, and poses a significant threat to Chinese citrus production. The relatively 
frequent infestations of B. minax emphasize the need for a more comprehensive 
understanding of the behavioral ecology of this pest so that more efficient control 
measures can be developed and applied. 
Methods: In the present study, an approach combining field observations and video 
recordings was used to investigate t he  feeding and mating activities of B. minax in 
the field. Host and non-host plants were included in the field study. 

Results: Both sexes showed the ability to forage for food on non-host plants when 
sexually immature. During the process of adult sexual maturation (pre-copulatory and 
pre-oviposition periods), adult flies were seen to feed on sooty mould, bird faeces, 
honeydew and some unknown substance on the host plants. In the post-copulatory 
period they were observed feeding on the plant sap of non-host plant berries that had 
split. The general mating activity patterns of B. minax in the field were observed as 
follows: firstly the male establishes its territory; the female then approaches the 
territory for pseudo-oviposition or oviposition on the unripe citrus fruits. Male 
mounting occurs, leading to a successful copulation.  
Conclusions: 1. The ability of  both sexes of sexually immature B. minax adults to 
exploit available food sources on both host and non-host plants raises the possibility of 
establishing a non-host trap-crop which is readily infested with honeydew-producing 
aphids around the borders of citrus orchards, to attract the adults out of the orchard. This 
could be combined with the application of a protein bait spray to border crops and to 
citrus trees in the orchards. 2. The fact that B. minax mates on immature (green) citrus 
fruits also suggests that the development and use of spherical green traps could improve 
management of this pest on citrus. Better understanding of the feeding and mating 
behaviour of B. minax in citrus orchards will provide useful information for improved 
management of this pest. 
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Field Cage Mating Compatibility of Different Species in  
the Bactrocera dorsalis Complex in the North and South of Thailand 
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Background: Bactrocera dorsalis is the fourth most serious insect pest worldwide. 
Economic losses by this species are difficult to quantify, and it is thus essential that the 
B. dorsalis species complex be accurately identified. This would benefit the application 
of SIT-based AW-IPM, and the quarantine restrictions by fruit-importing countries, as 
the Asian region has been a primary source of species invasions of the B. dorsalis 
complex into other regions. 

Methods: Evaluation of the sexual compatibility of the B. dorsalis complex was carried 
out in field cages. Six wild colonies of B. dorsalis, B. papayae and B. carambolae from 
Chiang Mai (north Thailand) and Nakhon Si Thammarat (south Thailand) were 
collected and maintained. Intra-species and inter-species mating compatibility were 
investigated at intra- and inter-regional level. B. dorsalis, B. papayae and B. 
carambolae males at 23, 28 and 28 days-old respectively and females at 21, 28 and 28 
days-old respectively, were used. Twenty individuals of each sex of two different 
colour-marked populations were released. A potted mango tree approximately 180 cm 
in height was placed in each field cage. Five mated pairs in each replication were 
randomized and individually assessed sexual compatibility based on the following 
parameters: Relative Isolation Index (RII), Isolation Index (ISI), Male Relative 
Performance Index (MRPI), and Female Relative Performance Index (FRPI).  

Results: B. dorsalis and B. carambolae from the north and south preferred to mate 
within-region (RII=1.73, 2.41 respectively) while B. papayae showed inter-regional 
mating compatibility (RII=1.04). The northern B. dorsalis and B. papayae showed non-
selective species (RII=0.98) which both males and females of B. dorsalis showed higher 
potential (MRPI=0.19, FRPI=0.38), but species from the south (RII=1.94) that both 
sexes of B. papayae showed higher potential (MRPI=-0.51, FRPI=-0.48). Inter-regional 
mating between B. dorsalis and B. papayae showed species selective by both sexes of 
B. dorsalis from the south (RII=2.50, MRPI=0.58, FRPI=0.66). B. dorsalis showed a 
potentially higher species selection in the north than B. carambolae (RII=2.04, 
MRPI=0.18, FRPI=0.32), and higher inter-regional selection by B. dorsalis in the south 
(RII=5.50, MRPI=0.48, FRPI=0.90). B. papayae and B. carambolae in the north 
(RII=0.77) did not show species selection, which males of B. carambolae and females 
of B. papayae showed higher potential (MRPI=-0.37, FRPI=0.55) but selection in the 
south which males of B. papayae and females of B. carambolae showed higher potential 
(RII=1.92, MRPI=0.28, FRPI=-0.17). 
Conclusions: B. dorsalis and B. carambolae from the north and south of Thailand 
showed intra-species mating in compatibility while B. papayae from the two regions 
were sexually compatible. B. dorsalis was sexually incompatible with B. papayae and 
B. carambolae. B. papayae from the north was sexually compatible with B. carambolae 
from both the north and south. 

Keywords: Bactrocera dorsalis complex, mating compatibility, field cage test, fruit fly, Thailand 
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Background: In India Oriental fruit fly, Bactrocera dorsalis (Hendel) (Diptera: 
Tephritidae) is a major polyphagous pest on an array of more than 100 fruits and 
vegetables, the most important being mango (Mangifera indica). Insects being cold-
blooded organisms, the temperature of their bodies are approximately the same as that 
of the environment. Temperature is probably the most important environmental factor 
influencing insect behaviour, distribution, development, survival, reproduction and 
pestilence potential.  

Methods: The effect of temperature on the development and survival of Oriental fruit 
fly from the egg to the adult stage were studied in the laboratory under 5 different 
constant temperatures: 16, 20, 24, 28, 32 and 36°C.  
Results: There was significant decline in the developmental time of all stages with 
increase in temperature from 16 to 36°C. At 36°C the adult emergence and mortality 
rates were also high where as low or no mortality occurred at lowest temperature 
(16°C). Further, the pre-oviposition, periods were significantly decreased with 
increasing temperature from 20 to 32°C but interestingly the flies failed to lay eggs or 
laid very few eggs at 36 and 16 °C.  

Conclusion: Insects respond differently to atmospheric temperature rise, understanding 
how increasing temperatures will impact on fruit fly pests will help to orient the 
research on various futuristic possibilities that can help in mitigating and adapting to the 
threat of anticipated climate change. The results will be useful for predicting the 
changes in flies population dynamics, geographical distribution, agriculture and 
quarantine. 
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Background: Fruit flies are serious pests of various fruits and vegetable crops 
throughout the world that cause severe economic loss to the growers. In the present 
study an attempt was made to decipher the gender  specificity gut associated culturable 
bacteria of two major fruit fly species in India viz., Bactrocera  dorsalis (Hendel) 
(Diptera: Tephritidae) and Bactrocera cucurbitae (Coquillett).  

Methods: Guts of laboratory reared male and female  specimens of both species were 
aseptically dissected, surface sterilized with 0.5 % sodium hypochlorite, washed 
thoroughly with sterile water and macerated in sterile saline. Bacterial isolation was 
performed from the macerated suspensions on nutrient agar. Distinct colonies were 
purified and identified based on 16S rRNA gene identity.   
Results: Based on morphological, physiological, biochemical and molecular 
characterization, the bacterial genera isolated from B. dorsalis female gut were 
Enterobacter ludwigi, E. hormarchei and Citrobacter freundii, while Providencia 
rettgerii, Klebsiella oxytoca, Enterococcus faecalis, Pseudomonas aeruginosa and 
Providencia vermicola were identified from guts of B. dorsalis males. The bacterial 
species identified from the guts of B. cucurbitae females include Enterobacter cloacae, 
Morganella morganii and Bacillus pumilis. The guts of B. cucurbitae, males were 
predominantly colonized by aerobic endospore formers viz., Bacillus cereus, B. 
amyloliquefaciens, B. licheniformis and B. subtilis.  

Conclusion: The above findings have thrown light on a distinct pattern of bacterial 
colonization, with intra and inter specific variations in fruit flies. Further, more specific, 
efforts are required to identify the attractive components from the selected bacteria in 
order to formulate symbionts-based fruit fly management strategy. 
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Background: Selecting a suitable oviposition site is crucial to the fitness of female 
insects because it determines the successful development of their offspring. Generalist 
insects detect and react to many volatile cues but must adopt the most reliable ones to 
override noise and increase efficiency in finding hosts. Similarly, the oriental fruit fly, 
Bactrocera dorsalis, utilizes a multitude of fruit crops as oviposition sites but prefers 
mango to other fruits. Oviposition in B. dorsalis is stimulated by kairomones from 
mango, but the identity and nature of these cues have not been elucidated. 
Methods: We identified EAD active compounds from headspace collection of mango 
cultivars ‘Alphonso’ and ‘Chausa’ that were attractive to gravid B. dorsalis females 
using a combination of analytical and behavioural techniques. These 22 EAD-active 
volatiles identified were screened, seven from ‘Alphonso’ and 15 from ‘Chausa’, for 
their oviposition stimulating activity. We used a combination of binary choice and 
single-plate two choice assays to prove the oviposition stimulating activity. A 
simulated-assay was done to prove that the identified volatiles were enough to instigate 
oviposition. 
Results: In binary choice assay, flies deposited most of their eggs into pulp discs with 
than into discs without oviposition-stimulants OSs. Single plate two-choice assays 
proved that the OSs were crucial in oviposition site selection by gravid female B. 
dorsalis. In simulated assays, gravid female B. dorsalis exactly differentiated between 
fruits with and without oviposition-stimulants. 

Conclusion: Our results suggest that the identified OSs are ‘key’ compounds, which the 
flies associate with suitable oviposition sites. From the perspective of pest management, 
the oviposition stimulants identified in this study may have potential in fruit fly 
eradication programs. In addition to their potential in fruit fly management programs, 
the oviposition stimulants will facilitate fundamental research in B. dorsalis olfaction 
and chemical ecology. 
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Background: The European cherry fruit fly, Rhagoletis cerasi L. (Diptera: Tephritidae) 
undergoes an obligatory diapause at pupal stage that allows adults to emerge next spring 
when local fruit are available and susceptible for oviposition. However, some 
individuals within populations may extend their dormant period for one or more years. 
We assess the genetic and environmental effects on diapause termination and the 
expression of prolonged dormancy in R. cerasi pupae, and determine fitness costs 
associated with pupae prolonged dormancy at adult stage. 
Methods: We used two Greek (Dafni, Kozani; Kala Nera, Magnesia) and one German 
(Dossenheim, Karlsruhe) populations from ecologically different habitats with various 
rates of gene flow to determine diapause termination responses. Newly formed pupae, 
recovered from field infested sweet cherries were maintained for two months at 25 ± 
1oC, and then exposed to five constant temperatures (0, 4, 8, 10, 12 ± 1oC) for a period 
ranged from one to nine months. A sample of 100 pupae from each treatment was 
monthly transferred back to 25 ± 1oC, and emergence rates were recorded. When adult 
emergence ceased, dead pupae and pupae still in dormancy were recorded. In additional 
trials we compared the demographic traits of adults from one population (Dafni) that 
emerged from pupae with annual and prolonged dormancy at standard laboratory 
conditions (25 ± 1οC, 65 ± 5% R.H., and L14:D10). 

Results: Pupae from K. Nera terminated diapause almost one month earlier than those 
from Dafni and Dossenheim, suggesting an adaptive response to habitat heterogeneity 
(mainly differences in phenology patterns of local host cultivars). Regardless of the 
population, insufficient chilling (short duration (≤5 months) or warm temperatures (10-
12oC) triggers the expression of prolonged dormancy. Interestingly, extended chilling 
(longer than required for terminating diapause) makes pupae to ‘return’ to another 
(facultative) cycle of dormancy. Prolonged dormancy did not affect female longevity 
but dramatically decreases fecundity rates. 

Conclusions: Our data demonstrate that R. cerasi has evolved a mixed life-history 
strategy for terminating diapause, based on a combination of local adaptation and 
diversified bet-hedging strategies. The latter are expressed either as prolonged 
dormancy or as facultative dormancy; a strategy reported for the first time for univoltine 
insects. However, prolonged dormancy is associated with a significant fitness cost for 
the resulting adults.  
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Background: A. fraterculus and C. capitata are two important fruit pests in Argentina. 
These species can have overlapping areas of distribution and host fruit ranges. This can 
lead to the development of mechanisms that allow them to escape competition. The use 
of host marking pheromones (HMPs) is an example of these mechanisms. Both species 
are known to use HMPs intraspecifically. The aim of this work was to study the 
importance of chemical signals coming from infested fruit on the female host choice.  

Method: We placed two pieces of the same fruit (plums) that differed in their infestation 
status in an experimental arena. We released one wild female and observed its behavior. 
We recorded the selected fruit, the time of permanence on the fruit, the number of 
ovipositions and the duration of each oviposition. We carried out two experiments with 
each fly species: 1- Intraspecific competition: the females were presented an uninfested 
fruit and a fruit infested by conspecific females; 2- Interspecific competition:  the 
females were presented an uninfested fruit and a fruit infested by heterospecific 
females. 

Result: The number of females that visited each option was similar, regardless of the 
combination of fruit offered (intraspecific competition or interspecific competition) and 
fly species (A. fraterculus or C. capitata). For both species, the percentage of females 
that did not lay their eggs was similar for both options of fruit (infested or uninfested) in 
intraspecific experiments. However, in interspecific experiments, females rejected to lay 
eggs more frequently in infested fruit. Permanence on the fruit and duration of 
oviposition did not differ between options, in any of the two experiments.  
Conclusions: For the two species, oviposition by females is deterred in fruits infested by 
individuals of the competitive species. This may lead to the avoidance of infested fruit 
in nature, suggesting a potential mechanism that favors the stable co-existence of these 
species.   

Keywords: Anastrepha fraterculus, Ceratitis capitata, interspecific competition, Host Marking 
Pheromone  
 

 

mailto:mliendo@cnia.inta.gov.ar


132 |  9th International Symposium on Fruit Flies of Economic Importance (ISFFEI) 

Oviposition Preference and Offspring Performance in Phytophagous 
Fruit Flies: The African Invader, Bactrocera invadens 

Anne Akol1, Charles Masembe1, Brian Isabirye 1, 3*, Caroline Nankinga 2 
and Ivan Rwomushana3 

1College of Natural Sciences, Department of Biological Sciences, Makerere University, P. O. Box 7062, 
Kampala. E-mail: brianisabirye@yahoo.com; 2National Agricultural Research Laboratories, P. O. Box 
7065, Kampala, Uganda; 3Association for Strengthening Agricultural Research in East and Central 
Africa. P. O. Box 765, Entebbe, Uganda. 

Background: Behavioral choices have been hypothesized to reflect fine-tuned 
evolutionary adaptation by the preference-performance hypothesis (PPH), which states 
that female insects will evolve to oviposit on hosts on which their offspring fare best. 
The extent to which this is true in the African invader, Bactrocera invadens (Diptera: 
Tephritidae) was assessed in this study. 
Methods: Five host-plant species: Terminalia catappa (Combretaceae), Persea 
americana (Lauraceae), Psidium guajava (Myrtaceae) Citrus sinensis (Rutaceae), and 
11 mango (Mangifera indica, Anacardiaceae) varieties (Tommy, Zillatte, Keitt, Kent, 
Kagogwa, Apple, Palvin, Dodo, Kate, Biire and Glen), were tested for their conformity 
to the PPH. The fruits were incubated, larvae reared, and the adults maintained on an 
artificial diet in the laboratory. Data on developmental parameters were monitored over 
the lifespan of the specimens and compared.   

Results: There was significant variability in host species (P < 0.038) and variety (P < 
0.015) preference in the orders: T. catappa > P. guajava > M. indica > C. sinensis > P. 
americana; while Glen & Biire and Zillate & Tommy were, respectively, the most and 
least preferred varieties. Offspring performance (development rate, survival, weights 
and sex ratio) differed significantly and followed a very similar trend except that for 
fruit species, P. americana performed better than C. sinensis. The relationship between 
host preference and the offspring performance measures showed strong support for the 
PPH with overall coefficient of determination of 75.4% (P < 0.000) and 65% (P < 
0.003) for host species and varieties, respectively.  
Conclusion: This study has increased the knowledge on the role of host species and 
varieties on the biology of B. invadens and re-affirmed the growing credence that host-
specific variation in adult performance has an important role in shaping host preference 
among phytophagous insects, as proposed by PPH.  
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Background: The Mexican fruit fly Anastrepha ludens is one of the more important fruit 
crop pests in Mexico. In orchards, this species is likely to fall prey of the tree-dwelling 
lizard Norops serranoi. We determined the functional response of male and female 
lizards and we tested the evasion ability of wild vs. mass-reared male fruit flies against 
the lizard. 
Methods: In standard laboratory conditions, we exposed randomly eight densities (2, 6, 
10, 20, 30, 40, 50 and 60) of mass-reared fruit flies to four single lizards of each sex and 
we recorded the number of consumed fruit flies to determinate the functional response. 
Then, we put together 10 mass-reared and 10 wild males in presence of one lizard, and 
the number and strain of surviving males was recorded. 

Results: Male lizards showed a type II functional response, while females showed a 
type III. At high fruit fly densities, female lizards caught significantly more fruit flies 
than males. Wild fruit flies evaded more male lizards attack than mass-reared ones. 
However, when female lizards attacked, both strains evaded similarly. Flies survival 
was higher with male than female lizards, but it was not affected by fly strain. 
Conclusion: This is the first report of a vertebrate preying on the Mexican fruit fly, 
demonstrating that female lizards impose a higher predation pressure on flies than 
males. The energetic cost of reproduction induced by the gravidity of females, and a 
higher crypsis expression can explain this difference. Our study also showed that wild 
Mexican fruit flies are able to better evade a predator than mass-reared fruit flies. We 
propose to use lizard males as quality control monitoring to assess evasions abilities of 
mass-reared sterile Mexican fruit flies. 
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Background: Fruit flies (Diptera: Tephritidae) are among the most devastating 
horticultural pests in Africa. There have been attempts elsewhere to understand fruit fly 
response to climate change but findings are inconclusive. The climate in Uganda is 
changing, and spatially explicit planning will be fundamental to ensure real time 
response strategies. This study aimed at understanding how local-level distribution 
patterns may be expected under projected climate change, and the comparative potential 
range shifts for selected fruit fly species.  
Methods: Current and historical distributional records of 10 species in four genera - 
Bactrocera, Ceratitis, Tririthrum and Dacus – were used. Climatic controls of these 
species were summarized using the climate envelope (CE) approach for full and no 
dispersal extreme scenarios. Temperature (annual mean temperature and mean 
temperature of wettest quarter) and moisture (mean annual precipitation and 
precipitation of coldest quarter) variables were used to summarize the climatic 
gradients. From the extent of the current CE, areas of suitable climate habitat were 
delineated on maps for the 2000 – 2050 period using two General Circulation Models 
(GCMs): Canadian CCCMA and the UK-based Hadley (HAD), under two emission 
scenarios (A2 and B2). Predicted current and future local species richness of each of 
three major mango-growing zones (Western Medium High Altitude Farmlands 
(WMHF), Lake Victoria Crescent (LVC) and Northern Moist Farmlands (NMF)) in 
Uganda were calculated and compared.  

Results: Ranges were projected to decline, averaging 25.4% by 2050. In the full-
dispersal, only three species’ ranges would increase (D. ciliatus > C. cosyra > B. 
invadens), with an overall average of 17.2% increase. In the no-dispersal scenario, there 
is projected drastic decrease in size by an average of 67.9%. Dacus bivittatus > 
Bactrocera cucurbitae > Ceratitis anonae were the least likely climate change resilient 
species; their future CEs are projected to decrease by more than 75% in size. Future 
niches are predicted to shift mainly to the Northern Moist Farmlands. Dacus ciliatus 
showed higher potential (249.3%) to track the projected climate change, while B 
invadens (-1.9%) and C. cosyra (-2.2%) also demonstrated climate change resilience. 
Projected range losses were higher under B2 (30.56±22.6%) than A2 (16.38±21.8%) 
scenarios. Species richness and turnover were predicted to decrease significantly (P < 
0.003) across zones, with the WMHF (55%) and NMF (12%) recording the highest and 
lowest decrease in richness, respectively.  
Conclusion: Climate change is likely to cause species range shifts in Uganda. Such 
shifts necessitate fruit fly control programmes that readily adapt to the fruit fly climate 
change related dynamics in Uganda.  
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Background: Fruit flies have symbiotic bacteria in their digestive tract and this can 
result in an increase of their reproductive success. Additionally, male mating success is 
conditioned by the nutritional quality of the diet. Yet, it is still not clear to what extent 
the bacteria can contribute towards counteracting nutritional deficiencies. Our objective 
was to evaluate the effect of adding antibiotics in different adult diets on the mating 
success in wild and laboratory-reared A. fraterculus males.  

Methods: Wild (W) and laboratory-reared (L) males were provided one of two different 
diets sugar (S) or sugar + protein (S+P), which in turn could have or not antibiotics 
(AB). This resulted in four treatments: 1) S; 2) S+AB; 3) S+P; 4) S+P+AB. To evaluate 
the mating competitiveness of the males from different treatments, one virgin wild 
female was released in a laboratory cage containing two males from the same origin as 
well as diet, but with different antibiotic treatments (i.e., W-S vs W-S+A or L-S+P vs L-
S+P+AB). The number of copulations obtained by each type of male, copula duration 
and the time elapsed since the release of the females and the initiation of copula 
(latency) were recorded. Subsequently, the individuals were stored at -20°C to 
characterize the symbiotic flora by DGGE of 16S rRNA gene fragments.  

Results: The addition of antibiotics resulted in a significantly lower number of matings 
while the diet and the origin of the males had no effect on this variable. The interaction 
between antibiotic treatment and male origin was close to significance (p = 0.065) and 
when the origins were included in the post-hoc comparisons, the effect of the antibiotic 
was significant only for laboratory males. The diet in itself had an impact on male 
mating; males fed with S copulated less in relation to males fed with S+P, irrespective 
of having received antibiotics or not. Latency to mate depended on male origin; 
laboratory-reared males mated earlier than wild males with no effect of antibiotic 
treatment while for wild males the antibiotic treatment increased latency. Mating 
duration was affected by the diet for wild males but not for laboratory males; wild males 
fed with S have shorter copula than males fed with S+P. Samples collected from the 
flies treated with antibiotics have similar DGGE patterns, with dominant bacteria from 
the Alphaproteobacteria group and the genus Stenotrophomonas (Gamaproteobacteria), 
and no bacteria from the family Enterobacteriaceae. In addition, wild males fed with 
S+P showed the greatest diversity in the gut community.  
Conclusions: The three factors evaluated affected male sexual success in A. fraterculus. 
The addition of antibiotic to the adult diet decreased the number of copulations; the 
origin and the antibiotic treatment had an effect on latency and the diet and origin on 
copula duration. These results support the hypothesis of a symbiotic relationship 
between gut bacteria and their hosts, but yet more evaluations are needed to confirm 
such interaction. 
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Background: Fruit flies (Diptera: Tephritidae) are a major threat to fruit production in 
Uganda. Most previous studies on fruit flies in sub-Saharan Africa have been at regional 
level, and under contrasting farming systems, climate and anthropological patterns. We, 
therefore, investigated the species composition and community structure, a prerequisite 
to the development of an effective management strategy in the country.  
Methods: The study was conducted for two years in three major fruit growing agro-
ecological zones (AEZ): Western Medium High Altitude Farmlands (WMHF), Lake 
Victoria Crescent (LVC) and Northern Moist Farmlands (NMF). In each zone, 
representative orchards were selected for lure trapping following a split-split-plot design 
where the cycles were the main plot, attractants (Torula yeast, Trimedlure, Methyl 
Eugenol, Cue lure, and Terpinyl acetate) the sub plot, and AEZ the sub-sub plot.  
Results: In all, 368,332 specimens belonging to 10 species in four genera - Bactrocera, 
Ceratitis, Tririthrum and Dacus- were collected. Of these, 98.9% belonged to 
Bactrocera invadens, while the second and third most common species (Dacus 
bivitattus and Ceratitis anonae) represented 0.4% and 0.3%, respectively. Significant 
differences in species richness and abundance of fruit flies occurred but evenness and 
diversity did not differ significantly among the three zones. Although generally similar 
(98.0%) in composition, there was significant discrimination (P < 0.000) by the fruit 
flies among the three zones. The LVC zone harbored significantly more D. ciliatus, T. 
coffeae, D. bivitattus and B. cucurbitae, compared to the NMF and WMHF. Community 
structure showed significant differences across the three zones (ANOSIM R < 0.095, P 
< 0.01). The LVC was significantly different from NMF (P < 0.003) in community 
structure, but not with WMHF. Ceratitis rosa, contributed the highest difference in 
zonal structure, followed by C. fasciventris and C. cosyra. Rank-Abundance curves 
depicted a geometric series distribution of the species composition of fruit flies in the 
three zones, confirming a scenario where the alien B. invadens is displacing native fruit 
fly species.  
Conclusions: There is high pest fruit fly diversity and abundance in Uganda. A 
sustainable response strategy to B. invadens as a serious pest threatening the 
horticultural industry needs to be devised urgently to guard the benefits of the 
horticulture industry.  

Keywords: Agro Ecological Zones, Diversity, Tephritidae, Bactrocera invadens, Mango Orchards, 
Uganda 
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Survival of Bactrocera tryoni (Froggatt) in Cool Winter Climates 
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Background: The native Australian pest fruit fly, the Queensland fruit fly (Bactrocera 
tryoni, Froggatt) has, in the past few years, broadened its range into areas that were 
previously only marginal as to year round survival. These new regions tend to be much 
cooler in the winter than the pest’s normal habitat on the moister, more temperate to 
sub-tropical east coast of Australia. The question is – Has Queensland fruit fly 
acclimatised to these cooler winter climates? If this is the case will populations of this 
pest expand earlier in the season than is currently thought? Alternatively, it is possible 
that the observed over wintering of flies in these previously marginal areas could be due 
to pre-winter populations being large in a few spots with the consequent higher 
probability of individuals finding shelter, surviving, finding a mate and host fruit and 
ovipositing.  

Methods: Experiments have commenced on comparing survival by laboratory cultures 
of B. tryoni reared at 26°C (optimal) or at lower temperature. Eggs and larvae in 
artificial diet, pupae in coarse vermiculite and adults were placed at temperatures 
ranging from -3°C to 26°C for varying periods. Motility and survival were assessed. 
Pupae in vermiculite were also placed out in a field cage situated in a nearby citrus 
orchard with temperature loggers and assessed for adult eclosion over time. A side 
experiment on assessing survival of B. tryoni pupae for various periods under water (i.e. 
simulated flooding) was also conducted. 

Results: Insects required about 38d to mature from eggs to adults instead of 17d at 
26°C. When flies reared from pupae stored at 15°C for the last 20% of pupal maturation 
(treated) and flies reared from pupae stored at a constant 26°C (controls) were exposed 
to a cool temperature 31% of the controls were torpid after 45min at 5°C whereas 0% of 
treated flies were torpid. After 24h exposure to 5°C 36% of controls were dead but only 
2.5% of the treated were dead. Adult flies survived 10d where each 24h period was 
divided into 5h at -3°C and 19h at 20°C. Adult flies survived 5d at 5°C with no food or 
water while at 26°C they die within 24h. Some flies will eclose from pupae submerged 
in water for 7d. Other data will be reported.  
Conclusions: Depending on the severity and duration of the winter fruit flies may 
survive cool winter climates by surviving as adults or as larvae in fruit. Flood irrigation 
or natural flooding events will not eradicate flies at the pupal stage in the ground. 

Keywords: Bactrocera tryoni, Queensland fruit fly, cold acclimation, submersion, thresholds  
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Survival of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) 
Deprived of Sugar Varies with Age 

Nikos Kouloussis1, Christianna Koukougiannidou1, Nikos Papadopoulos2, 
Alexandros Diamantidis2 and James Carey3 

1Laboratory of Applied Zoology and Parasitology, Department of Agriculture,Aristotle University of 
Thessaloniki, 541 24 Thessaloniki, Greece. E-mail: nikoul@agro.auth.gr; 2Department of Agriculture 
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Background: In previous studies we investigated the effect of protein food deprivation 
on the survival of adults of the Mediterranean fruit fly, Ceratitis capitata (Diptera: 
Tephritidae) and found that endurance to starvation depends on age. Here we report on 
results from experiments where the food provided to the flies and then deprived from 
them was sugar. 
Methods: The flies originated from wild pupae reared for 1–2 generations on bitter 
oranges or on an artificial diet in the laboratory. Emerging unmated adults were caged 
individually with sugar and water. At different ages (1–50 days), ten males and ten 
females were transferred to new cages deprived of food. Their endurance in food 
deprivation (survival) at different ages was thus monitored.  

Results: The results showed that overall females endured more than males, particularly 
in the older ages. Survival of females was high until the age of 30 days and then 
declined slightly in the ages 31-50 days. Survival of males was high in the ages 1-20 
days and then declined rapidly with age. Moreover, males and females that developed as 
larvae on bitter oranges and fed only on sugar as adults showed much greater endurance 
to food deprivation than individuals developed on an artificial diet. 

Conclusions: 1. Survival following sugar deprivation was substantially higher compared 
to survival following protein deprivation observed in previous experiments. 2. Females 
survived longer than males. 3. The food reserves of adults acquired through the larval 
stage probably played a strong role in endurance to starvation. 

Keywords: Ceratitis capitata, food deprivation, age, stress-resistance. 
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The Effects of Hydrolyzed Protein on the Physiological Mechanism 
of Bactrocera dorsalis (Hendel) 

Jiahua Chen, Lili Yang, Qinge Ji and Bo Wang 
Fujian Agriculture and Forestry University, Fuzhou 350002, China. E-mail: jiqinge@yeah.net 

Background: Applying protein bait is one of the most important measures to control 
Bactrocera spp. Yet the mechanism of protein bait for fruit fly is not clear.  

Methods: Three different foods and water were provided to newly emerged adults to 
sexual maturity. The three different foods were artificial diet (group 1), sugar + 
hydrolyzed protein (group 2), and sugar (group 3).  
Results: The body length had no significant differences among the three groups, and the 
normal length was more than 7 mm. There were significant differences among the three 
groups for body weight, and the weight of the adults were group 1 > group 2 > group 3. 
There were significant differences between group 3 and group 1 and 2 for fat content in 
adult bodies. The adults’ fat content of group 1 and 2 increased continuously and reach 
the highest at 5- d-old, then drastically reduced at 7-day-old, then increased again 
slowly. But for group 3 male and females respectively maintained at around 2.5% and 
4% after 5-d-old, the change trends were evener than group 1 and group 2. For free 
amino acids content, the amount reduced after emergence, then continuously increased 
after several days for group 1 and group 2. For group 3, it almost didn’t change after 
reducing to the lowest level at 3-d-old, and was lower than group 1and 2. There were 
significant differences in different foods after 5-d-old. The ovarian areas of group 1 and 
group 2 increased rapidly after 7 -d-old and increased to the maximum at 11-d-old, but 
the ovary of group 3 almost did not develop during the period of experiment and 
females from this group did not lay any eggs, the group 1 and 2 laid eggs normally and 
the egg hatch was normal too.  
Conclusions: Protein had little effect on body size, but affects body weight, pupal 
weight, fat content and free amino acids content significantly. The ovary could not 
develop without protein.   

Keywords: Bactrocera dorsalis (Hendel), protein, sugar, free amino acid, fat, ovary   
 

 



140 |  9th International Symposium on Fruit Flies of Economic Importance (ISFFEI) 

Drosophila suzukii: Understanding its Behavior in the Orchards 
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Background: Drosophila suzukii was officially identified in France in 2010. It causes 
big damage mainly on cherry and soft fruits (strawberry, raspberry, blackberry etc.). Its 
characteristics – polyphagous, capacity of quick reproduction and high mobility – are 
making D. suzukii a serious pest. Since 2011, we have been trying to understand the 
local behavior of the pest with a long-term monitoring of a network of traps. The aim of 
this survey is to assess populations’ levels, to determine the effects of the period of the 
year and the state of the crops on it, to understand the displacement of D. suzukii, and to 
imagine, develop and increase the efficiency of control methods. 

Methods: The survey has been carried out since 2011 in two locations separated by 5 
km. Fifteen traps in total were placed in various crops (cherry, apricot, grapes) and in 
their environment (wood, hedges). The traps contained the same attractive solution 
which was removed every week and the number of male and female of D. suzukii was 
counted.  
Results: The long term survey revealed and confirmed some important points 
concerning the behavior of D. suzukii. It shows that in our conditions, D. suzukii can be 
present at the adult stage all year long. D. suzukii overwinters in the hedges and in the 
woody environment and is ready to lay eggs as soon as the first fruits ripen in the 
spring. Depending on the climatic conditions, we observed one or two population peaks 
during the year. The levels of population abundance were heterogeneous at the field 
scale (10 to 2000 Ds/ trap/ week in the same field). Some factors seem to be very 
detrimental to the development of D. suzukii: low humidity, high temperature, windy 
weather. Some observations are not yet explained like the return of D. suzukii in the 
cherry orchards in autumn, when there are no fruits and no shelter in the orchards. 
Conclusions: In 2013, this survey was completed with a trial based on a protein marking 
method to understand more precisely the displacement of D. suzukii between the 
different kind of crops and their environment. Data on the overwintering of D. suzukii 
will contribute to learn more on the ecology of D. suzukii. This knowledge will be 
useful to improve the development of protection methods against D. suzukii. 

Keywords: Drosophila suzukii, Behavior, Ethology, Monitoring
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Water Relations of three Ceratitis Species in Response 
to Temperature and Relative Humidity 
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Background: Little research has been undertaken to determine the desiccation resistance 
and water loss of tephritid flies despite the value of this information for modelling their 
distribution, abundance and invasive potential. 

Methods: We determined the effect of the interaction of temperature (25 and 30°C) and 
relative humidity (0, 33, 75 and 100 % RH) on the survival time and water loss (over 24 
hours) of the most important fruit fly pests of southern Africa: Ceratitis capitata, C. 
cosyra and C. rosa. Biochemical assays were used to determine total body protein, lipid, 
carbohydrate and glycogen content before and after being held at 0% or 100% RH for 
24 hours to identify their potential role in dessication and starvation resistance, 
respectively. 
Results: Mean body water content varied between species (C. capitata = 5.7±0.1, C. 
cosyra = 6.0±0.2, C. rosa = 6.4±0.2) and in all three species the body water content of 
females was higher than that of males. Mean survival time of C. rosa (47±1 hours) was 
significantly lower than that of the other two species (C. capitata = 51±2 hours, C. 
cosyra = 50±1 hours). In all species, survival time declined with increasing temperature 
and increased with increasing RH. The interaction of species, sex, temperature and 
relative humidity affected water loss. There was a very large increase in water loss 
between 25°C and 30°C by C. cosyra and C. rosa when held at 0 % RH, but not in C. 
capitata. However, C. capitata continued to lose water at 30°C under conditions of high 
RH whereas C. cosyra and C. rosa did not. In addition to water loss rates, patterns of 
body lipid content and use during desiccation and starvation correlate with differences 
in the water relations of these three Ceratitis species. Ceratitis capitata had the highest 
initial level of total body lipids relative to the other two species, which declined 
substantially during desiccation. 
Conclusions: Adult Ceratitis capitata possesses water balance traits, particularly water 
loss rates, dehydration tolerance, lipid reserves and lipid metabolism during desiccation, 
that make it quite resistant to desiccation. Ceratitis cosyra has a more restricted 
geographic range than C. capitata but has generally similar water balance traits, 
indicating that its current distribution is likely influenced by thermal physiology, biotic 
interactions such as host availability, and stochastic dispersal events. Ceratitis rosa 
adults are more susceptible to desiccation than the other Ceratitis species of economic 
importance in southern Africa. 

Keywords: desiccation resistance, dehydration tolerance, water loss rate, starvation, Ceratitis 
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Wolbachia pipiens in a Laboratory Strain 
of Anastrepha fraterculus (Wiedemann) 
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Background: The South American fruit fly, Anastrepha fraterculus (Diptera: 
Tephritidae), is a fruit fly pest of economic importance in Argentina due to its wide 
distribution and the large number of commercial hosts. Wolbachia are intracellular, 
maternally transmitted bacteria that infect a broad range of invertebrates. In arthropods, 
Wolbachia manipulate their host´s reproduction in a variety ways, including 
cytoplasmic incompatibility, male killing, parthenogenesis induction and feminization 
of males. Wolbachia have been reported for several species of Bactrocera, and in 
Anastrepha suspensa and Ceratits capitata. Infection with Wolbachia may provide an 
alternative method to control fruit flies pests. In the present work we assessed the 
presence of Wolbachia pipiens in laboratory strain of A. fraterculus. 

Methods: Total DNA was extracted from 35 adult flies (11 males and 24 females) of our 
experimental rearing. The presence of bacteria was analyzed by PCR with specific 
primer of 16S rDNA and Wsp gene fragments. Positive individuals were analyzed by 
MLST: GatB; HcpA; ftsZ; CoxA and FbpA were amplified and sequenced with specific 
primer pairs. The sequences of the amplified products were compared with those 
available in Wolbachia database. Sequences of MLST loci were concatenated and 
phylogenetic analyses was performed. 
Results: We detected the presence of Wolbachia in A. fraterculus from a laboratory 
colony kept at IGEAF-laboratory. Wolbachia specific sequences for all loci analyzed 
were obtained. Analysis of wsp revealed the presence of two Wolbachia strains in the A. 
fraterculus lab population, differentiated by a single nucleotide change. The remaining 
six loci showed no polymorphisms at nucleotide level. Phylogenetic analysis of the 
Wolbachia sequences obtained from A. fraterculus in MLST loci clustered the 
bacterium strain within the clade A - group WmelA. 
Conclusions: A. fraterculus is infected with Wolbachia group WmelA. We found 
variability of wsp sequences in the artificial rearing of this fruit fly species. We will 
study the effect of such variability on the reproductive biology of this species as to 
obtain valuable information that allows improvements in its artificial rearing.  
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Calibrating PEST on FARM Model for ‘Precision IPM’ 
of Rhagoletis cerasi  
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Background: The PESTonFARM is an agent-based, pattern-oriented stochastic model 
with elements of cellular automata, which was developed in 2011 to simulate 
behaviour of large cohorts (ca. 1,000,000) of individual insects within seasonally 
changing mosaics of farming landscape, under the challenge of IPM actions. The 
model simulates only daily behaviours and events of each individual insect, while all 
the ‘higher-level on- farm phenomena’, such as intricate spatiotemporal patterns of 
seasonal pest translocations with locally fluctuating population densities or evolving 
patterns of crop infestation, are neither programmed nor determined. They simply 
‘emerge’ as a consequence of the actions undertaken by individual ‘virtual insects’. 

Methods: The model was developed as a tool for ‘precision IPM’ – site-specific IPM 
with its combinations of treatments tuned to the local spatiotemporal features of the 
target farm. The model emulates behaviour of the pest population during a ‘virtual 
IPM experiment’, provides assessment of IPM effectiveness, both biological and 
economic. Alike as in a replicate of a real on-farm experiment, upon each run, the 
model generates stochastically equivalent, but unique set of results, presented in a 
format usually collected during on-farm experiments. 
Results: In the presented example, the PESTonFARM model was calibrated to represent 
behaviour of a univoltine pest, the cherry fruit fly, Rhagoletis cerasi. For calibrating 
behavioural and biological parameters of the model, the already published data about 
R. cerasi were used, and also, largely unpublished raw historical data, collected during 
the past experiments conducted at Julius Kuhn-Institut (JKI) at Dossenheim, 
Germany. For model validation, spatiotemporal features of the experimental JKI farm at 
Dossenheim  were entered into the model, such as distribution of host and non-host 
plants, phenology and other relevant varietal characteristics, etc., and a set of ‘virtual’ 
on-farm IPM experiments was simulated. 

Conclusion: Comparison of the data generated by the model and those from the real 
experiments conducted in the past at Dossenheim, confirmed reliability of the model, 
and it potential for designing  site-specific IPM tactics, according to the concept of 
‘precision IPM’. 
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Background: Oriental fruit fly, Bactrocera dorsalis (Hendel) (Diptera: Tephritidae) is a 
serious quarantine pest of several horticultural fruit crops causing tremendous economic 
losses to farmers. It is highly polyphagous (>300 hosts) exhibiting a mosaic pattern of 
adaptability by encompassing a wide variety of fruit crops. In India, it is a major pest on 
mango (Mangifera indica L.) causing huge losses up to 80%. Host fruit availability and 
climatic conditions are the major factors mainly affected its abundance and survival.. 

Methods:  To locate the potential hosts supporting the B.dorsalis survival, continuous 
monitoring was carried out to understand host-shift patterns of B. dorsalis during non-
fruiting phase of the main preferred host mango Accordingly, weekly trap data and 
fallen fruit sampling was carried out in different fruiting hosts viz., sapota (Achras 
zapota), star fruit (Averrhoa carambola), passion fruit (Passiflora edulis), singapore 
cherry (Muntingia calabura), sour cherry (Prunus cerasus), fig (Ficus carica), wild fig 
(Ficus syconium), tropical almond (Terminalia catappa), mulberry (Morus rubra), 
chakota (Citrus maxima), pomegranate (Punica granatum), banyan (Ficus bengalensis), 
kokum (Garcinia indica), cherry guava (Psidium cattleianum), cashew (Anacardium 
occidentale), egg fruit (Pouteria campechiana), orange (Citrus sinensis), amla (Emblica 
officinalis) and Rose apple (Syzygium malaccense) 

Results: The data clearly showed that among the cultivated hosts viz., guava, sapota, 
rose apple; among the wild hosts viz., tropical almond, sour cherry and cherry supports 
the B. dorsalis population during off-season of the main host mango. 

Conclusions: Correlation of trapped data along with climatic variables showed positive 
correlation with maximum temperature whereas it shows negative correlation with 
Relative Humidity. The implications are being discussed. 
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Background: A previous laboratory evaluation showed dosage-dependent effects of 
lufenuron (LFN) on the fertility of Ceratitis capitata, Bactrocera dorsalis, B. 
cucurbitae, and B. latifrons.  The fertility of B. latifrons adults fed a 50 µg/mL LFN 
incorporated diet was about 61% of the control while fecundity was not affected.  We 
hypothesized that the egg lethal effect is dosage dependent and induced by inhibiting 
the chitin synthesis of growing embryos because LFN is a chitin synthesis inhibitor.   

Methods: Newly emerged virgin adults were sexed and fed for 12 days with various 
concentrations of LFN incorporated agar diets until sexual maturation.  Reciprocal 
mating tests were conducted after maturation to see which sex dominates any trans-
generation effect on fertility in each mating group. At 12 days old, eggs were collected 
and egg hatch was assessed.  
Results: The results showed that the decrease in the percent of egg hatch was correlated 
with the LFN concentration in the treated diets.  In addition, if one sex of adult flies was 
fed with the LFN-treated diet and the other was fed with the control diet before pairing, 
the food provided after pairing affected the overall egg hatchability.  Adults fed on LFN 
treated diet after pairing had a significantly lower hatchability than those fed the control 
diet.  A proteomic analysis identified that there are two differentially expressed proteins 
(chitin and odorant binding protein) between adults fed on lufenuron and control diets. 
Real time PCR confirmed the finding from proteomics analysis by significantly 
changing the relative mRNA expression level of the abovementioned proteins.  We also 
demonstrated that there is no significant effect on larvae performance, except for a 
significantly lower pupal production from concentrations above 0.075 ppm. 

Conclusions: We conclude that LFN is not a permanent sterilant unless both females 
and males continue to feed on the LFN diet and that its effect is related to protein 
synthesis.   
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Background: The Solanum fruit fly, Bactrocera latifrons (Hendel), is known as a 
serious pest of Solanaceous crops. In Japan, it was first detected on Yonaguni Is. (2,888 
ha), the westernmost island of Japan, in 1984. In 2010, it was detected also in the 
Okinawa Is. (120,819 ha). Here, we conducted a comparative survey of host range of B. 
latifrons in the two islands aiming to see if the populations in the two islands have 
different host plant preferences. 
Methods: In Yonguni Is., we collected Solaneceous and Cucurbitaceous fruits which 
were expected to be hosts of B. latifrons, and other family fruits widely from over the 
Island. Solanaceous fruits were collected at one- to four-month intervals, and other 
family fruits were collected twice a year. In Okinawa Is., we collected fruits in principle 
twice a year, but at those locations where infection of B. latifrons was confirmed, 
Solanaceous fruits were collected about once a month. The collected fruits were kept for 
two to three weeks at 25˚C, and then checked for the number of pupae. These pupae 
were kept in vermiculite for two weeks at 25˚C. The emerged flies were then identified. 
Results: 956,826 fruits were collected from 4,100 points from May 1999 to March 2011 
in Yonaguni Is., and 295,279 fruits were collected from 5,483 points from November 
2010 to September 2013 in Okinawa Is. We collected and examined 23 potential hosts 
species from Solanaceae and Cucurbitaceae in Yonaguni Is., and 25 potential hosts 
species from Solanaceae and Cucurbitaceae in Okinawa Is. Solanum nigrum L. 
presented the highest infection point rates (no. of detection sites/sampling sites) in 
Yonagunni Is. On the other hand, Capsicum annuum L. presented the highest infection 
point rates in Okinawa Is. In addition, Capsicum frutescens was infested only in 
Okinawa Is. Fruits of other families were not infested by B. latifrons in both islands. 

Conclusions: We found that there were differences in host use between Okinawa Is. and 
Yonaguni Is. These results suggest the presence of two different biotypes for host 
preference in B. latifrons and that the populations that invaded Okinawa Is. and 
Yonaguni Is. had different origins. 
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Background: The efficiency of the Sterile Insect Technique (SIT) targeting tephritid 
fruit flies depends not only on sterile males mating with wild females, but also on their 
ability to inhibit female remating. Remating by wild females can vary greatly between 
fruit fly species, both in mating frequency and time elapsed between matings (sexual 
refractory period). Remating inhibition can occur through sperm, products from the 
accessory glands (AGPs) or copulatory courtship. However, the mechanisms by which 
males inhibit female mating are still poorly understood. In particular, for the Mexican 
fruit fly, Anastrepha ludens, the role of AGPs in mating inhibition or how AGPs are 
affected by mass-rearing and irradiation is unknown.  
Methods: Here, we studied if direct injections of male accessory glands inhibited female 
remating in the Mexican fruit fly Anastrepha ludens, and whether irradiation, mass-
rearing or male age affected female mating inhibition. We tested different doses of 
AGPs, and their effects on wild and mass-reared females.  
Results: Wild, mass-reared or irradiated male AGPs did not inhibit female remating. 
Wild females were less likely to remate compared to mass-reared females and a full 
ejaculate was needed to inhibit female remating, suggesting that sperm or copulatory 
courtship play an important role in female mating inhibition.  
Conclusions: AGPs have been shown affect mating inhibition in C. capitata, B. tryoni 
and A. fraterculus but not in A. ludens. Thus, the effect of male AGPs should not be 
generalized throughout tephritids. Despite many studies on the sexual behaviour of 
tephritids, we still know little about the processes occurring during the copula such as 
sperm and AGPs transfer. Understanding how AGPs modify female post-copulatory 
behaviour can be useful in developing alternative control tactics such as the use of 
antiafrodisiac substances.   

Keywords: Sexual behaviour, Anastrepha, accessory glands, sperm 
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Isolation and Identification of Microbiota from Different Life Stages of 
Bactrocera cucurbitae (Coq.) and Bactrocera dorsalis (Hendel) 

(Diptera:Tephritidae) 
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Background: Microorganisms play important roles in the growth and development of 
many insect species. In some cases the presence of a vertical transmission of these 
microorganisms (bacteria) from mother to their progeny has been noted. Tephritid fruit 
flies usually harbour diverse bacterial communities in their digestive system. In the 
present study efforts were made to isolate and identify the bacterial community of egg, 
larval (the midgut) and adult stages of Bactrocera cucurbitae reared on a natural host, 
and Bactrocera dorsalis reared on an artificial larval diet. 

Methods: Colony characterization of the isolated bacteria of B. cucurbitae and B. 
dorsalis was conducted using MacConkey and Blood agar plates. Bacterial isolates 
were initially stained by Gram staining method to detect those Gram positive and Gram 
negative along with morphology. Gram negative rods were further identified by 
biochemical test using both the conventional and API 20E and 20NE to species level. 
Gram positive cocci were identified using catalase and other related biochemical tests 
like catalase and coagulase tests, later confirmed by API Strep and API Staph.   

Results: A total of 15 genera and 21 species of bacteria were identified from eggs, the 
midgut of the larvae and adults of B. cucurbitae and B. dorsalis. The dominant species 
in both the fly species and across the life stages were Klebsiella oxytoca, Acinetobacter 
baumannii, Alcaligenes faecalis, Pseudomonas putida, Delftia acidovorans, Citrobacter 
youngae and Enterobacter cloacae. The eggs presented less diversity in their bacterial 
community than the midgut of the larvae or the adults. Although developed from 
different rearing media, gut bacterial community of B. cucurbitae and B. dorsalis larvae 
shared 50% of the bacteria species. The presence of enterococci and rare species were 
recorded. 

Conclusions: Experimental results confirm the presence of bacterial community at three 
developmental stages of B. cucurbitae and B. dorsalis. The consistent presence of 
Acinetobacter and Pseudomonas indicate the putative transmission of some bacteria 
species from parents to offspring in these Tephritidae fruit flies.  

Keywords: Melon fly, Oriental fruit fly, midgut bacteria, life stages. 
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Changes in Reproductive Roles are Associated with Changes in 
Energetic Metabolism Activity in the Oriental Fruit Fly, Bactrocera 

dorsalis (Hendel) (Diptera: Tephritidae) 
Daifeng Cheng, Langjie Chen, Guangwen Liang and Yijuan Xu 

Laboratory of Insect Ecology, College of Natural Resources and Environment, South China Agricultural 
University, Guangzhou 510640, China. E-mail: xuyijuan@scau.edu.cn 

Background: The oriental fruit fly, Bactrocera dorsalis, mating behavior is rather 
complicated. Sstudies have been done to demonstrate that the mating behaviour of the 
fruit fly is affected by the outside stimulate such as temperature, pheromone, time, 
nutritional status and diet, and more and more researchers have found that the important 
roles played by the male fruit fly. However, less is known about the molecular and 
physiological mechanisms which function in priming or modulating the pre- and post-
mating behaviour.  
Methods: To identify the molecular mechanism pre- and post-mating behaviour in the 
male of B. dorsalis, the gene expression profiles of the male during mating (0hMM), 
male 3h after mating (3hMM) and male 12h after mating (12hMM) of B. dorsalis were 
analyzed.  
Results: A total 58,009 transcripts with N50 1,849 bp were generated and 33,314 
protein-coding genes were identified. Expression data analysis revealed that 16 genes 
between 3hMM and 0hMM, 116 genes between 12hMM and 0hMM and 73 genes 
between 12hMM and 3hMM were differently expressed. With the annotation and 
pathway analysis of the mating time-dependent differently expressed genes, the 12hMM 
had significantly higher activities in the galactose metabolism, starch and sucrose 
metabolism, and pentose and glucuronate interconversions, which are important in the 
energetic metabolism process, than 3hMM and 0hMM. 
Conclusions: Our study has identified the genes and pathways that might be involved in 
the mating mechanisms of the male of the B. dorsalis, which may be of the benefit of 
the pest management. 

Keywords: molecular mechanism, mating behaviour, expression profile, metabolism pathway,  
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A Multi-entry Identification Key to African Fruit Flies 
(Diptera, Tephritidae) 

Massimiliano Virgilio1, Ian White2 and Marc De Meyer1 
1 Royal Museum for Central Africa, Leuvensesteenweg 13, B3080 Tervuren, Belgium.  E-mail: 
massimiliano.virgilio@africamuseum.be; 2 The Natural History Museum, Cromwell Road, London, SW7 
5BD.  

Background: The morphological identification of African tephritids (including 
representatives of economically important genera such as Bactrocera, Ceratitis and 
Dacus) relies on the use of classical single-access (dichotomous) keys. The quite 
specific terminology used in the published single-access keys is a serious obstacle for 
non-specialists who are not particularly acquainted with tephritid morphology and 
taxonomy. Additionally, species identification through single-access keys necessarily 
fails whenever the user is not able to identify any of the dichotomous character states 
(e.g. due to inadequate taxonomical expertise, lack of clarity of the key, damaged 
specimen, etc.).  

Methods: Here we present a multi-entry identification key for African fruit-infesting 
tephritids specifically developed to (1) facilitate morphological identification by non-
specialists and (2) provide a single and updated identification tool.  
Results: The key, available on a Lucid3 platform, includes a total of 394 species and 
comprises an initial key for genus identification and individual keys to African 
representatives of eight fruit fly genera (Bactrocera, Capparimyia, Carpophthoromyia, 
Ceratitis, Dacus, Neoceratitis, Perilampsis, Trirhithrum). Separate character sets are 
considered for each genus (range 11-95 characters, 22-280 character states). Images and 
drawings are provided for (1) characters (showing where the character is found and how 
it looks like), (2) character states (showing the degree of morphological variability of 
character states) and (3) species (providing information about species morphological 
features).  

Conclusions: A formal description is provided for each species according to the 
published literature. Information regarding the taxonomic status, geographic distribution 
and collection specimens for species is available through hyperlinks to Encyclopedia of 
Life and to the Belgian Biodiversity Platform (as Belgian portal to GBIF). Links to the 
Barcoding of Life Database website (BOLD) allow verifying the availability and 
geographical sampling of DNA barcodes for each species.  

Keywords: Bactrocera, Capparimyia, Carpophthoromyia, Ceratitis, Dacus, Neoceratitis, Perilampsis, 
Trirhithrum 
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Association of Larvae and Adults of Anastrepha 
(Diptera: Tephritidae) Using PCR-RFLP 

Beatriz Ronchi-Telles 1, Vivian Dutra 1, Vanderly Souza1, 
Kátia Lima2, Gary Steck 3 and Janisete Silva2 

1Instituto Nacional de Pesquisas da Amazônia, INPA, Amazonas, Brazil. E-mail: ronchi@inpa.gov.br; 
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Background: Currently, the identification of Anastrepha species is based on 
characteristics of the aculeus tip of adult females. The identification of larvae within this 
genus is difficult due to the high morphological similarity among different species. The 
PCR-RFLP technique may be useful to help identify tephritid immature stages, which 
are the stages that are intercepted within fresh fruit that are exported or imported. This 
study aimed at obtaining the PCR/RFLP profiles of adults and larvae of 13 Anastrepha 
species using PCR-RFLP of one nuclear and two mitochondrial genes in order to allow 
for the identification of larvae based on the adult profiles. 

Methods: DNA of about 5 larvae and adults per species for 13 Anastrepha species was 
extracted, totalling 94 adults and 100 larvae, using the DNeasy Blood & Tissue kit 
(Qiagen) and the protocol described in Han and McPheron (1997). Two mitochondrial 
DNA regions (COI and 16S) and one nuclear region (ITS1) were analyzed using six 
restriction enzymes. 
Results: The analyses revealed unique band patterns for Anastrepha atrigona Hendel, 
Anastrepha curitis Stone, Anastrepha manihoti Lima, Anastrepha pulchra Stone, 
Anastrepha striata Schiner, Anastrepha sororcula Zucchi, and Anastrepha zenildae 
Zucchi. 
Conclusions: These data are useful for the identification of immature stages of 
Anastrepha species, which are the stages commonly intercepted at quarantine barriers 
allowing for a faster process.  

Keywords: fruit flies, immature stages, restriction enzymes. 
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Geometric Morphometrics of Geographic and Host-Associated 
Population Variations of Bactrocera invadens in Uganda  

Brian Isabirye1, 2, Charles Masembe1, Caroline Nankinga3 
, Harriet Muyinza3 and Anne Akol1 

 
1College of Natural Sciences, Department of Biological Sciences, Makerere University, P. O. Box 7062, 
Kampala. E-mail: brianisabirye@yahoo.com; 2Association for Strengthening Agricultural Research in 
East and Central Africa.  P. O. Box 765, Entebbe, Uganda; 3National Agricultural Research Laboratories, 
P. O. Box 7065, Kampala, Uganda. 

Background: Fruit flies (Diptera: Tephritidae) are among the most economically 
important pests of edible fruits worldwide. In Uganda, Bactrocera invadens is the most 
devastating species, among the many fruit fly species presence. Due to the cryptic 
nature of most species in Bactrocera complex, it is not clear whether allopatric and host 
associated differentiation or speciation has taken course among B. invadens populations 
in the different zones in the country. This would be important in the design of 
management strategies, which requires specificity in identity of the target pest species.  
Methods: The morphological variation of zonal allopatric and host-associated 
populations of B. invadens was studied using Euclidean distance matrix analysis and 
variance structure coordinate system geometric morphometrics techniques. Size and 
shape were analyzed throughout 15 landmarks for 360 specimens after summarization 
process.  

Results: Host type significantly affected wing size and shape (P < 0.0001), with CVA 
showing host population discrimination with very high degree of population 
classification (95.03%) accuracy. Wings from mango hosts were significantly smaller 
than tropical almond, but the former did not significantly differ with guava. Similarly, 
mean wing size and shape among the 3 zones differed significantly (P < 0.000).  B. 
invadens from the WMHF had relatively bigger wings, while the NMF specimens 
recorded the smallest wings. There was a very high degree of zonal population 
classification accuracy (95.48%), with the LVC population wing shape being 
significantly different from NMF (P < 0.000) and WMHF (P < 0.000), while the latter 
two were also different (P < 0.000). There were significant differences in allometry and 
developmental instability (fluctuating asymmetry) among fruit hosts in the order: 
mango > guava > almonds.  

Conclusions: The results have added to the evidence that geographic and host-
associated adaptation can produce reproductive isolation and produce ecotypes. The 
ability of B. invadens to undergo rapid ecological evolutionary radiations might affect 
the efficiency of common control methods, and our results should help to recast fruit fly 
management strategies.  
 
Keywords: Bactrocera invadens, ecotypes, fluctuating asymmetry, hosts, tephritid fruit flies 
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Morphology of Interspecific Hybrids within Bactrocera (McQuart) 
Andrew Jessup1,3, Nwe Nwe Yin1,2, Viwat Wornoayporn1, Amirul Islam1, Dhilak 
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Background: Adult flies of the genus Bactrocera (McQuart) share remarkably similar 
morphologies. Some species within this genus are so similar that questions have been 
raised as to their status as real species. This is especially the case for some species 
within the Bactrocera dorsalis cryptic species complex. Another example is the 
relationship between B. tryoni and B. aquilonis and between B. tryoni and B. 
neohumeralis. It has also been observed that there can be marked variability within 
species in vittae size, colouring and the dimensions of the body, wings and genitalia. 
Methods: While working at the FAO/IAEA Insect Pest Control Laboratory in Austria, 
there was an opportunity to establish laboratory cultures of a large number of different 
Bactrocera species and to test the hypothesis of some interspecific compatibility. Some 
years ago, in Australia, B. tryoni and B. jarvisi were also cross-bred successfully. 
Various interspecific pairings of Bactrocera species were carried out in these two 
laboratories. The species tested were B. dorsalis s.s. (Bd), B. carambolae (Bc), B. 
philippinensis (Bp), B. invadens (Bi), B. zonata (Bz), B. tryoni (Bt) and B. jarvisi (Bj). 
Pairings studied were BcXBd, BcXBp, BcXBi, BdXBz, BdXBt and BtXBj. A study 
was also carried out on morphological variability within a laboratory reared cohort of B. 
dorsalis s.s. Genitalia lengths of adults participating in successful BdXBt crosses were 
compared to determine the effects of relative genitalia size on interspecific mating 
success. 
Results: All interspecific pairings listed above produced offspring that were capable of 
mating and producing viable second-generation offspring. There were differences in 
lengths of aedeagus, aculeus, the dm wing cell and colouration between hybrids and 
their parents. 
Conclusions: These are interesting academic studies which may offer a method of 
measuring the evolutionary distance between Bactrocera species. 

Keywords: Bactrocera dorsalis complex, Bactrocera invadens, Bactrocera zonata, Bactrocera tryoni, 
Bactrocera jarvisi, interspecific   
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Morphometric Landmarking of Wing Venation and Banding in the 
Ceratitis FAR Complex (Diptera, Tephritidae) 

Joannes Van Cann1, Marc De Meyer2, Kurt Jordaens1,2 and Massimiliano Virgilio2 
1University of Antwerp, B2020 Antwerp, Belgium; 2Royal Museum for Central Africa, 
Leuvensesteenweg 13, B3080 Tervuren, Belgium,. E-mail: demeyer@africamuseum.be 

Background: Species within cryptic complexes are often difficult, or impossible, to 
differentiate using classic morphological examination. This is the case with female 
specimens of representatives of the Ceratitis FAR complex (a complex of three 
agricultural pests that can be further subdivided into five genotypic clusters), especially 
of C. rosa and C. fasciventris. We investigated the use of wing morphometrics 
(including the geometric position of intersections of wing veins and cross-veins, and the 
demarcation of wing bands) as a possible tool to resolve the complex.  
Methods: Seventeen homologous type I landmarks of the wing venation, and six partial 
wing bands of both male and female specimens were chosen to conduct generalized 
procrustes analysis. The results were analyzed using Principal Component Analysis 
(PCA), Canonical Variate Analysis (CVA), and Permutational Multivariate Analysis of 
Variance (PERMANOVA).  
Results: PCA of the landmarks showed clear sexual dimorphism. Yet, differences 
between morphospecies and, to some extent genotypic clusters, could only be observed 
when maximizing group differences through CVA. PCA and CVA for the surface areas 
of the wing bands were generally less resolved than for the wing landmarks. Yet, in all 
cases, PERMANOVA showed significant differences between morphospecies and 
genotypic clusters. 
Conclusions: The results of this study show statistically supported morphometric 
differences between sexes, morphospecies and genotypes. Yet, the relatively large 
overlaps between both morphospecific groups and genotypic clusters do not seem to 
suggest wing morphometrics as a suitable tool for a rapid diagnosis of the FAR 
species/genotypes. 

Keywords: Fruit flies, Ceratitis FAR complex, morphometrics, cryptic species 
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Natural Variation and Biogeography of Bactrocera cucurbitae (Diptera: 
Tephritidae) in South-East Asia and theWest-Pacific 
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Background: The melon fly, Bactrocera cucurbitae, infests the fruit of over 125, 
predominantly cucurbit, plant species. Its geographic distribution includes a native 
range of the Indian Subcontinent and South-East Asia, and an invasive range which 
extends into Africa, the West Pacific and parts of Oceania. This paper examines 
regional variation of B. cucurbitae from South-East Asia to the West-Pacific, to better 
understand the biogeography of this species particularly with respect to populations 
from native versus invasive ranges.  

Methods: Morphological variation of B. cucurbitae was examined. Aedeagus length and 
wing shape and size (using geometric morphometric analysis of 15 landmarks) were 
investigated at two geographic scales: i) across Thailand (as a native area) and ii) 
throughout South-East Asia and the West-Pacific (invasive range).  
Results: Wing centroid size significantly differed among Thai locations (P < 0.001), but 
with only a weak latitudinal trend (r2=0.063). Wing shape was similar across most 
locations, but there were wing shape differences for flies from Nan (far north) and 
Prachapkririkhan (peninsular Thailand). Males from northern locations had longer 
aedeagi than those from the south; however, while significant, this relationship was very 
weak (r2 = 0.013, P < 0.001). The broad-scale geographic study revealed the wings of 
flies from Yala (Thailand) to be significantly smaller than wings from all other locations 
(P < 0.001). Aedeagus lengths of flies from South-East Asia are shorter than those from 
the West-Pacific (P < 0.001). CVA revealed significant differences in wing shape 
among locations: flies from among South-East Asian mainland locations tended to have 
the most similar wing shape; with the greatest differences found between these locations 
and geographically more distant locations such as the Solomon Islands.  
Conclusions: Patterns of morphometric variation of B. cucurbitae revealed in this study 
have demonstrated fine scale variation within Thailand and broader scale differences 
across South-East Asia and the West-Pacific; patterns which are particularly distinct 
between the native range and invasive range. These data will be combined with a 
population genetic study, applied within an integrative taxonomic framework, to 
address specific biogeographic hypotheses and better understand invasion patterns in 
this pest species. 

Keywords:  Melon fly, morphometric structure, shape analysis, native and invasive  
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Four Novel Male-Specific Sequences in Bactrocera dorsalis s.s. (Hendel) 
Identified Using a Representational Difference Analysis Approach 

Mosè Manni1, Nidchaya Aketarawong1,2, Alessandro Tavecchio1, Marco 
Falchetto1, Francesca Scolari1, Ludvik Gomulski1, Paolo Gabrieli1,               
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Background: The Oriental fruit fly, Bactrocera dorsalis sensu stricto is one of the most 
economically destructive pests of fruits and vegetables, especially in East Asia. The 
karyotype of B. dorsalis s.s. contains five pairs of autosomes and a pair of 
heteromorphic sex chromosomes (XX females and XY males). Y chromosomes are 
typically gene poor and enriched with repetitive elements, making them difficult to 
sequence by standard methods, and they are rarely characterized outside a few model 
species. Here we report the identification and characterization of B. dorsalis s.s. Y-
linked sequences. We developed four male-specific PCR markers that consistently 
yielded male-specific products in specimens from laboratory colony. We also performed 
Fluorescent in situ hybridization (FISH) experiments on mitotic chromosome to locate 
these sequences. 

Methods: Using the Representational Difference Analysis (RDA) approach, we have 
identified four male-specific sequences from the Seiberdorf strain of B. dorsalis s.s.. 
Specific primer pairs have been designed and tested on male and female genomic DNA. 
Mitotic chromosome preparations were obtained from third instar larvae and FISH was 
performed using the identified sequences as probes.  
Results: Male specific amplification of the four sequences were obtained using PCR 
assay. FISH assays on the mitotic chromosomes clearly confirmed the physical location 
of these sequences on the Y-chromosome of B. dorsalis s.s.. We also successfully 
applied this newly developed sexing method to single embryos. 
Conclusion: The B. dorsalis s.s. Y-linked sequences characterized in this study provide 
unique markers for population and phylogenetic analyses. Furthermore sexing at early 
developmental stages will allow the identification of early expressed embryonic genes 
and the assessment of their sex-specific expression profiles. This will permit to follow 
the dynamics of pre-cellularization, cellularization, sex determination and sex 
differentiation molecular cascades. Ultimately, the identification of Y-linked sequences 
may be important for the development of Genetic Sexing Strains for the use within the 
framework of the Sterile Insect Technique for the control of this pest. 

Keywords: Oriental fruit fly, Y chromosome, Y-linked sequences, RDA, FISH. 
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Mitochondrial DNA Variation within the Anastrepha fraterculus 
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Background: The South American fruit fly, Anastrepha fraterculus (Wiedemann) is 
one of the most economically important agricultural pests in the western hemisphere. 
Morphometric and genetic studies have indicated that A. fraterculus comprises a 
complex of cryptic species that could have significant consequences for pest 
quarantine, management, and eradication. The actual number of putative species 
within the A. fraterculus complex has yet to be determined. Previous studies of A. 
fraterculus population diversity using mitochondrial DNA sequences did not examine 
collections from a broad geographic range. This study assesses the utility of 
mitochondrial DNA for detecting evidence of cryptic species from a large collection 
of specimens.  
Methods: A segment of the cytochrome oxidase c subunit I (COI) gene was 
sequenced from over 200 specimens of Anastrepha fraterculus sampled from Brazil, 
Mexico, and Argentina. Sequences of 620 bp were aligned with ClustalW and analyzed 
for nucleotide composition and variable sites. Phylogenetic analyses were conducted 
using Bayesian and Neighbor-Joining methods with MrBayes 3.1.2 and Mega 5.05, 
respectively. Unique sequences (haplotypes) were identified using DnaSP 5.10.  
Results: Analysis showed that the COI genetic variation in A. fraterculus is high. 
Over 40 haplotypes were detected among the geographic collections. Three 
haplotypes were exclusive to Brazilian collections, one to Argentina, and five to 
Mexico. For Brazil, the most common haplotype was seen among 73% of the 
samples. The phylogenetic results do not show a clear association among cryptic 
lineage samples and geographical locations.  
Conclusions: Our analyses demonstrate that the COI gene is variable in A. fraterculus 
populations and that most flies sampled from Brazil share a common haplotype. 
Based on the phylogenies and geography of samples, the COI gene has limited utility 
in recognizing cryptic  species. Its utility for population genetic study is under investigation. 

Keywords: COI, South American fruit fly, cryptic species 
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correcta (Diptera: Tephritidae) in Main Distribution Areas of Asia 
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Background: The guava fruit fly, Bactrocera correcta (Bezzi) (Diptera: Tephritidae) is 
one of the most destructive pests of fruits and vegetables in tropical and subtropical 
regions. From its first record in Bihar (India) in 1916, at present, this fly species is 
primarily distributed in Southeast Asia. This study attempts to reveals population 
structure and invasion routes of this fly in its main distribution areas.  

Methods: We have analyzed the combinative data of 793 mtDNA COI sequences and 12 
microsatellite loci from 20 populations (18 populations in the study based on 
microsatellite markers) covering 7 countries: India, Sri Lanka, Myanmar, Thailand, 
Laos, Vietnam and China.  

Results: Based on mtDNA COI analysis, the values of pairwise FST between the South 
Asia group and the Western Yunnan and Myanmar group was only 0.0111. The values of 
Shannon’s index and expected heterozygosity from 12 loci of the Mangshi populations 
from Western Yunnan were highest in all populations (1.536 and 0.713 respectively). 
Genetic structure was rather weak in both markers, and no pattern of IbD was identified. 
In Yunnan, the B. correcta populations not only exhibited high levels of gene flow but 
also show different degree of genetic differentiation.  
Conclusions: Based on our research, B. correcta has expanded from west to east with a 
limited geographical scale; two main invasion routes of B. correcta are inferred: 1) 
South Asia  Western Yunnan  Mandalay (Myanmar); 2) Central Thailand and Laos 
 Southern Yunnan, Northern Thailand and Laos  Central Yunnan  Eastern Yunnan 
and Vietnam. This fly might be invaded into Yunnan province through Mangshi in 
Western Yunnan and Jinghong in Southern Yunnan. 

Keywords: guava fruit fly, population structure, invasion routes, mtDNA COI, microsatellites 
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Background: Ceratitis cosyra (Walker) is a serious fruit pest widespread in sub-Saharan 
Africa, where it occurs in at least 23 countries. It is a polyphagous species whose host 
range covers at least 17 plant families, and includes commercial hosts such as  mango 
(Mangifera indica), guava (Psidium guajava) and sour orange (Citrus aurantium). 
Despite its economic importance, up to now, no study on population genetics has been 
carried out on this species. The aim of this study was to provide a first characterisation 
of its population structure. 
Methods: thirteen populations of C. cosyra (corresponding to 348 specimens) were 
sampled from all geographic regions of the African continent (Burkina Faso, Burundi, 
Ethiopia, Ivory Coast, Kenya, Malawi, Mali, Mozambique, Nigeria, Senegal, South 
Africa, Sudan, Tanzania) and covering the whole distribution range of the species. 
Specimens were genotyped using a newly developed set of 16 polymorphic 
microsatellite markers and a preliminary characterisation of population structure was 
performed using principal component analysis of individual genetic distances 
(ADEGENET), and individual Bayesian assignments (STRUCTURE). 
Results: Weir et Cockerham's Fst values showed significant genetic divergence among 
most of the samples analysed. Populations could be divided into two main genetically 
divergent groups including the populations from Burundi/Tanzania on one side and all 
the other populations on the other. Specimens within the Tanzanian population showed 
a very high intra-population variability often exceeding the average inter-population 
divergence. Populations from East Africa appear genetically different from populations 
from West Africa, even if this pattern emerges only when considering a higher number 
of clusters in STRUCTURE. 
Conclusions: these preliminary results suggest that C. cosyra has complex patterns of 
intra-specific structuring that include geographical differentiation and, possibly, cryptic 
speciation. 

Keywords: Tephritidae, microsatellites, population genetics, Africa 
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Binding Proteins in the Mediterranean fruit fly, Ceratitis capitata 
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Background: The Mediterranean fruit fly (medfly), Ceratitis capitata, is a highly 
invasive pest of fruit and crops, due to its wide host range and the ability to adapt to a 
broad range of climatic conditions and habitats. Chemosensory behaviour plays an 
important role not only during host plant localisation, but also in the detection of 
pheromone cues during mate pursuit. The aim of this research is to characterise the 
medfly chemosensory gene repertoire for interpreting the biology of this species and 
thus its invasive potential, and also to identify novel targets to be manipulated in pest 
control programmes. 
Methods: Expressed Sequence Tag libraries from adult heads, embryos, male accessory 
glands and testes have been screened for sequences encoding putative odorant binding 
proteins (OBPs). The tissue distributions of the OBP transcripts were assessed by RT-
PCR. Real-time qPCR was used to assess the effects of maturation and mating on the 
transcript abundances of a subset of these genes in the main olfactory organs, the 
antennae, of both sexes. We also measured the relative binding ability of two proteins 
encoded by these genes to electro-physiologically active compounds identified in the 
male pheromone. 

Results: Seventeen putative OBP transcripts were identified, corresponding to 13 
Classic, three Minus-C and one Plus-C subfamily OBPs. Several were present in nearly 
all the medfly tissues studied, suggesting functional pleiotrophy. They were used in a 
phylogenetic analysis including OBPs available from other three tephritid species, 
Bactrocera dorsalis, Rhagoletis suavis and R. pomonella. Phylogenetic data suggested 
that each medfly OBP cluster together with the OBPs from the other tephritid species 
that produced the best BLASTP hits. Moreover, five OBP genes may be homologues to 
the Drosophila pheromone binding protein-related proteins (PBPRPs). The 
transcriptional profiles of the five medfly genes suggest transcript enrichment primarly 
in the antennae. PBPRP transcript abundance significantly increased during female 
maturation, compared to males. After mating, the transcript abundances of the five 
PBPRP genes remained unaltered in females, whereas we found a general reduction in 
transcript abundance in mated males. Two of the proteins encoded by these five genes 
(CcapOBP69a and CcapOBP83a-2) were also purified and revealed high levels of 
binding affinity for major compounds in medfly male pheromone emission. 
Conclusions: Our molecular characterization of these putative OBP/PBPRP genes 
represents an important step towards the description of the entire chemosensory 
repertoire in the recently released medfly genome sequence. These results will also, in 
the long term, help the development of novel powerful species-specific 
attractants/repellents to be used within medfly control programmes. 

Keywords: medfly, olfaction, mating behaviour, binding, pest control. 
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Background: The polymorphism of prescutellar bristles (prsc) in melon fly, Bactrocera 
cucurbitae Coquillett, was investigated by artificial selection of phenotypes and 
quantitative genetic analysis. In the wild strain, more than 95% population has two prsc 
and the highest number of prsc is 4. By selection, a group of phenotypes was appeared 
as the number of prsc can reach 14 and more. All multiplied bristles appeared in a 
region of posterior half of scutum and between the lateral vitta, and randomly arranged.  

Methods: The quantitative genetic analysis was conducted by crossing 2 different 
phenoltypes, one from each strain, in each cross only one virgin male and one virgin 
female were paired., total of 6 pairs in each experiment., and 200-500 offsprings from 
each experiment were examined for their phenotypes. Each cross only one the 2-prsc 
individuals (the major component of the wild population) and the 12-prsc or the 14-prsc 
individuals from the selected strain and then interbred F1 to F2.The statistical analysis 
of results were by Microsoft Excel.  

Results: The results showed that (a) for 2x12-prsc, The F1 progeny constituted a group 
of phenotypes with prsc number, the mean is 4.727±0.920 which is intermediate 
between two parental phenotypes. The mean of prsc in F2 is 4.669±1.918. The 
difference between the means of F1 and F2 is insignificant in the t-test (P>0.05). (b) for 
2x14-prsc, The F1 progeny constituted a group of phenotypes, the mean is 5.027±1.045 
which is intermediate between two parental phenotypes. The F2 offspring had the mean 
at 5.066 ±2.323. As the t-test concluded that the difference between the means of F1 and 
F2 is not significant (P>0.05). (c)The F2 showed more variability around the mean than 
the F1did, and (d) the extreme values for the prsc in the F2 extended to the two parental 
values than did the extreme values of the F1.  

Conclusion: The data reveal four observations that apply generally to similar 
quantitative inheritance studies, and provided evidences to show that the prsc of melon 
fly is a continuous and quantitative trait in inheritance as that in Drosophila. 

Keywords: Bactrocera cucurbitae, prescutellar bristles, quantitative genetic analysis, quantitative trait.   
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Background: Polytene chromosome characterization is very important for the analysis 
of nuclear genome organization, phylogenetic studies and genetic mapping. 
Anastrepha fraterculus Wied (Diptera, Tephritidae) (2n=10+XX/XY) flies have 
polytene chromosomes in their salivary glands. We found five polytene elements, 
corresponding to the five autosomes. We infer that X and Y chromosomes are 
heterochromatic and do not form banded polytene elements. The same situation has 
been observed in several other tephritid species. From the analysis of the spatial and 
linear map of the polytenized chromosomes of A. fraterculus, we intend to confirm 
whether sexual chromosomes suffer polytenization as well as the autosomes. 
Methods: Salivary glands from A. fraterculus third instar larvae were removed, treated 
according to Ashburner (1989) with modifications, and examined under microscope. In 
order to confirm the non-polytenization of sex chromosomes we carried out FISH 
(Fluorescent in situ Hybridization) analysis, following Fantini et al. (2011), with 
modifications, using 18S rDNA genes as probe, as these genes are harbored by the sex 
chromosome in this species.  
Results: Using the 18S probe, we identified a positive signal in an uncondensed 
heterochromatic region that corresponds to the non-polytenized sexual chromosomes, 
FISH analysis previously demonstrated that in mitotic tissues this probe hybridizes only 
in sex chromosomes. Besides, we labeled chromosomes from II to VI according to their 
size following the Bridges´ system. So far, it has not been possible to establish the 
equivalence between mitotic and polytene chromosomes. We did not observe a typical 
chromocentre, resulting in the separation of the individual chromosomes and we 
observed the presence of the nucleolus in the analyzed cells. 
Conclusions: We identified the five polytenized autosomes of A. fraterculus and 
confirm the presence in a non-polytenized form of its sex chromosomes. We are 
working on a complete chromosome map to use this important tool to clarify the 
complexity displayed by A. fraterculus. 
 
Keywords: Anastrepha fraterculus, polytene chromosomes, salivary glands, map, sex chromosomes.  
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Background: Diachasmimorpha longicaudata (Hymenoptera: Braconidae) is a solitary 
endoparasitoid of fruit flies commonly used worldwide as a biological control agent in 
integrated pest control programs. Although ecological and behavioral information are 
available, little is known about its genetics, metabolic pathways and regulatory systems 
including the sex determining system. We report here the first transcriptome analysis of 
D. longicaudata with the aim of exploring the molecular basis of sex determination in 
this species.  

Methods: RNA extractions were performed from adult male and female pools and third 
instar male larvae. Three cDNA libraries were generated and 454-pyrosequencing was 
used. Expression profiles were analyzed by RT-qPCR assays. 
Results: We obtained a total of 469766 reads from the three original libraries analyzed. 
We followed the approach of assembling all the libraries together, resulting in 8483 
contigs and 46203 singletons giving a total of 51686 transcripts. D. longicaudata 
transcripts distribution was compared to phylogenetically related hymenopterans, Apis 
mellifera (Hymenoptera: Apidae) and Nasonia vitripennis (Hymenoptera: Chalcidoidea) 
showing a high quality representation of our data throughout the transcriptome of these 
species. Three transcripts potentially involved in sex determination were identified by 
homology: doublesex, fruitless and intersex. Differentially expressed transcripts are 
currently being analyzed by RT-qPCR in order to find genes associated with the sex 
determining mechanism in D. longicaudata. Standard reference genes that are 
commonly used in quantitative gene expression studies were assessed to determine the 
best pair for expression normalization in this species. β-actin and Elongation factor 1 
genes were chosen.  

Conclusions: The first transcriptome analysis of D. longicaudata was developed. De 
novo transcriptome assembly resulted in 37,4% of annotated transcripts that showed a 
proper distribution representing the whole transcriptome of D. longicaudata. Three 
candidates known to be involved in sex determination pathways were identified by 
homology: doublesex, fruitless and sex lethal. Differentially expressed transcripts are 
currently being analyzed in order to identify new genes associated with the sex 
determination mechanism in D. longicaudata. These results will represent a first step 
toward the understanding of the genetic and regulatory basis of sex determination in this 
species.  

Keywords: D .longicaudata; sex determination; transcriptomics.  
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Background: Anastrepha  obliqua is a major pest of tropical fruits  infesting a wide 
variety of hosts. It is the second most common species within this genus in Brazil. 
Studies have reported that A. obliqua does not represent a monophyletic group, 
which indicates the need for more detailed studies regarding population structure and 
species boundaries.  

Methods: Cytochrome oxidase I (COI) DNA sequence data was used to analyze 
populations of A. obliqua from Brazil. Samples were collected in twelve states in 
Brazil corresponding to four biomes, Amazon Forest, Atlantic Forest, Cerrado, and 
Caatinga. Specimens were collected from fruits and traps, and DNA was extracted 
using the “DNeasy Blood & Tissue kit” (Qiagen). Multiple alignments of the 
sequences were performed with ClustalW in Bioedit 7.0.5.2. Mega 4.0 and Mr Bayes 
3.1 were used to reconstruct phylogenies. AMOVA was performed using Arlequim 
3.11. The number of haplotypes and genetic diversity were estimated using DnaSP 
version 5.10.  

Results: A fragment of 621bp was sequenced for all samples. A total of 16 
haplotypes designated (H1-H16) were recovered from the samples. One (H1) was 
seen among 63.9% (n=76) of the samples and was shared among individuals from all 
four biomes. The populations from the Amazon Forest showed the highest haplotype 
and nucleotide diversity. Phylogenetic analyses showed two lineages of A.  obliqua, one 
corresponding to populations from the Amazon Forest and other to populations from 
the Atlantic Forest, Cerrado, and Caatinga. AMOVA analysis showed significant 
variation between these two groups, indicating  structuring.   

Conclusions:  The results revealed higher genetic variation in samples from the 
Amazon Forest which suggests that this biome may be the center of origin and 
dispersion for A. obliqua for this region. The two lineages, revealed through 
phylogenetic analyses and supported by AMOVA, suggest that underlying historical 
processes have led to population structuring, delineating collections among two 
regions 1) the Amazon Forest and 2) the Atlantic Forest, Cerrado, and Caatinga. 
 

Keywords: Cytochrome oxidase I, Anastrepha obliqua 
 

 



170 |  9th International Symposium on Fruit Flies of Economic Importance (ISFFEI) 

Morphometric and Molecular Characterization of Species 
within the spatulata Group 

Janisete Silva1, Zuzinaide Bomfim2, Kátia Lima1, Marco Costa1 and Roberto Zucchi2 

1Departamento de Ciências Biológicas, Universidade Estadual de Santa Cruz (UESC), Rodovia Jorge 
Amado km 16, Ilhéus, BA, 45662-900, Brazil. E-mail: jgs10@uol.com.br 2Programa de Pós-
Graduação em Entomologia, Escola Superior de Agricultura Luiz de Queiroz, Universidade de São 
Paulo (USP), Piracicaba, Brazil 

Background: The spatulata group comprises 11 species that are characterized by a short 
and wide aculeus apex. Species identification is highly problematic in some Anastrepha 
species groups and misidentifications are a serious problem for quarantine restrictions, 
integrated pest management and control programs. Traditional and geometric 
morphometry have been used to distinguish among closely related species and to define 
species limits. The combination of morphological and molecular methods is very 
helpful to generate information on the relationships among species within the various 
Anastrepha species groups.  

Methods: We analyzed samples of A. alveata, A. entodonta, A. hadropickeli, A. 
manihoti, A. montei, A. pickeli, and A. spatulata. Specimens were collected in Brazil, 
Bolivia, Mexico, and Paraguay. The aculeus and wing of the same specimen were used 
for traditional and geometric morphometry, respectively, whereas the thorax and legs of 
the same specimen were used for the molecular analysis. The COI gene was amplified 
using PCR. Multiple alignments of the sequences were performed with ClustalW in 
Bioedit 7.0.5.2. Mega 4.1 and MrBayes v. 3.1.2 were used to perform phylogenetic 
analyses. Several variables were measured for the morphometric analyses and the 
average length was calculated for each population for the UPGMA cluster analysis.  
Differences among populations were assessed by the Wilk’s Lambda test (Statística 
9.0®). We also used Statistica 9.0® to calculate the Mahalanobis distance matrix and 
carry out the multivariate analysis.   

Results: We found significant differences in aculeus size among A. entodonta, A. 
hadropickeli, and A. manihoti. The Principal Component Analysis showed that L1 
(aculeus tip length), L2 (width of the aculeus apex at the base of serrate part), and L5 
(serrate part length) contributed significantly to the separation of species. A. 
hadropickeli did not cluster with the other species studied herein and A. manihoti was 
placed close to the group comprised of A. entodonta and A. pickeli. The molecular 
phylogenetic analyses revealed that A. entodonta was closer to the group comprising A. 
pickeli populations. Specimens of A. alveata from Mexico and Brazil clustered together 
with 100% of support. Anastrepha spatulata was recovered as a sister group of A. 
montei, despite the clear differences in the aculeus shape of these two species.   

Conclusions: 1. The MANOVA analyses indicated that the differences observed among 
the studied species were statistically significant in both traditional and geometric 
morphometrics. 2. A sister taxon relationship between different populations of A. pickeli 
and A. entodonta was recovered with high support. This is the first time that A. 
entodonta is included in a molecular study and our results are consistent with the 
prediction that these two species are closely related based on morphological data. 
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Background: The Mediterranean fruit fly, Ceratitis capitata (Weidemann), is a tephritid 
fruit fly that is considered one of the most serious pests of agriculture worldwide. 
Native to Sub-Saharan Africa, it has successfully invaded areas in Europe, Australia, 
Central America, South America, and Hawaii. Previous studies, such as those that have 
used PCR-RFLP, have fallen short either because the sampling was limited or the 
methods did not provide substantial resolution. The use of informative markers on a 
broad geographic sampling is needed. Capturing the genetic diversity across the entire 
geographic range would be useful for tracking the movement of this global pest and in 
analyses that provide source estimations for this fly, all of which may help in 
developing and improving management strategies. To date, no known study has 
examined collections that capture the breadth presented by this study. 
Methods: For this study over 24,000 specimens were added to the USDA Mission Lab 
fruit fly repository. High throughput sample processing methods for DNA isolation and 
amplification were used to analyze approximately 2000 specimens representing 128 
geographic collections gathered worldwide that include over 300 historical captures 
from California and Florida. We unified previous studies by sequencing a 684bp 
fragment of the N5N4 mtDNA region and tested 23 previously developed microsatellite 
loci.  

Results: The study revealed 180 new haplotypes from the specimens analyzed. Our 
analyses show 76 parsimoniously informative sites for the entire sequence dataset. 
Many of these haplotypes show geographic association. A total of 15 of the 23 tested 
microsatellite loci were found to be informative and conform to biological expectations. 
Analyses that include assignment tests show that the sequencing+microsatellite method 
can resolve to a higher level providing a more focused source estimation for medfly 
captures.  
Conclusions: We reveal the genetic diversity for medfly gathered worldwide using 
informative sequencing and microsatellite methods. The method was shown to be far 
better at resolving at fine scale than PCR-RFLP. We observed that in certain cases, 
sequencing alone may be sufficient for source estimation. As a result of this improved 
resolution, the evidence suggests that this tool may be used to identify areas of high 
propagule pressure for this fly. The results confirm that the method is effective for 
population studies and the pathway analysis of this fly. 
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Background: The Mediterranean fruit fly, Ceratitis capitata (Diptera: Tephritidae), is 
considered one of the most economical important pest of the cultivated fruits in the 
world. Mexico is actually recognized as a country free of this pest by USA, Japan and 
Europe. However, due to the latent threat of its re-introduction and establishment, has 
been implemented a national campaign to maintain a barrier in South Mexico-
Guatemala border. The control is based on an area wide-integrated pest management 
that includes the sterile insect technique (SIT). Early detection is critical for the 
successful of this program and is carried out maintaining a complex web of trap in the 
border. The detection where SIT is applied required of an efficient system of 
discrimination between sterile and wild population insects that are collected from the 
traps, by this Moscamed program incorporated molecular methodologies in order to 
support and to make better decisions in the control program, allowing often implement 
the emergency plan with saving up to U$40 000.00.  
  

 Methods: Since 2012 the Ceratitis capitata adults caught and diagnosed as fertile were 
analyzed at our laboratory under a confirmatory molecular test, based on the flanking 
regions of tRNA-Gly that present HaeIII polymorphic site (PCR-RFLP) in the Vienna-7 
insects used for SIT. The main advantages are that it is possible obtain results with only 
a piece of tissue or one wing and also it is possible to know the insect sex. When the 
specimen was complete the genomic DNA was isolated with DNAzol, while when only 
one part was disposable the isolation was carried out using TENSD digestion buffer. 
 

Results: The differentiation between Vienna-7 and wild type medfly is reliable; in the 
electrophoresis appear two bands for the first and only one for the second. When the 
result of DNA analysis indicate that the insect were Vienna-7 the presence of the medfly 
was discarded. Remarkable was the case in 2013 because the specimen was caught in a 
region with frequently detection of wild population and with the accurate identification 
the activities of the emergency plan were suspended avoiding an unnecessary spending 
and also social impact on communities as a result of eradication efforts.  
 

Conclusions: The application of this molecular technique is a powerful tool to the 
Moscamed program in Mexico, because has resulted in a strengthening for reliability in 
determining the detections and better use of economic resource. It is the first operational 
program applying molecular identification. 

Keywords: Mediterranean fruit fly, marker polymorphic, mtDNA, Mexican Moscamed Program, RFLP-
PCR. 
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Background: Site-specific recombination technologies are a powerful new tool for the 
manipulation of the DNA in vivo and makes possible to improve the transgenesis 
strategies, like specific integration, exchange and mobilize DNA (stabilization of 
transgene). However, the fitness cost implication in these kinds of manipulations it is 
completely necessary to evaluate. So, in our study target transgenic strains (DsRed-
marked) of the Mexican fruit fly, Anastrepha ludens were used for the specific 
integration of a new transgene (EGFP-marked) and the fitness cost implication was 
estimated in order to determine the impact of this new integration. 
Methods: The transgene pSL_3pB-attB-PubEGFP was injected in embryos of two target 
transgenic strains previously selected with an autosomal integration (attP_F7) and Y-
linked integration (attP-M6Y). The site-specific integration was carried out by phiC31 
system, achieved using a binary system of two DNA plasmids (attB-plasmid and helper-
integrase). The site-specific integration strains were recovered by red-green 
fluorescence screening, the level of expression was measured and their fitness was 
estimated by demographic parameters and mating competitiveness. 

Results: To 8 of 42 surviving backcrosses from the attP_M6y strain, and 2 of 10 from 
the attP_F7 strain produced individuals with red-green fluorescence, indicating specific 
integration with a frequency of 19.60%. The fitness tests shows that the site-specific 
integrations event in the attP/attB_M6y strain was not affected, while in attP/attB_F7 
strain with the highest expression the fitness was significantly lower than the original 
target strain as in the demographic parameter as mating competitiveness. 

Conclusions: The transgenic target strain attP_M6y represent the evidence that 
transgene manipulation technology can generate healthy transgenic strain with the 
potential to add further functional transgenes at innocuous genomic positions, without 
altering the fitness. However, it is possible that when the strain shows over-expression 
may compromise their ability to integrate an additional marker 

Keywords:  Mexican fruit fly, docking site, phiC31 system, site-specific transgenic line. 
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Comparative Genomics of Odorant Binding Receptors 
in Bactrocera dorsalis and B. cucurbitae 

Samia Elfekih1, Chien-Yu Chen2, Mahdi Belcaid3  and David Haymer4 
1 Commonwealth Science and Industry Organization [CSIRO], Department of Ecosystem Sciences  
  P.O. BOX 1700 Canberra ACT 2601, Australia. Email: samia.elfekih@csiro.au 
2 National Taiwan University, Department of Bio-industrial mechatronics Engineering, Taipei, Taiwan 
3 Information and Computer Sciences, University of Hawaii at Manoa, Honolulu, Hawaii, USA 
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Background: the melon fly Bactrocera cucurbitae and the oriental fruit fly B. dorsalis, 
are among the most destructive pest species known in the Tephritidae family. They are 
endemic to Southeast Asia and the pacific region, causing severe damages to a wide 
range of economically important crops. Both species rely extensively on pheromones 
and host semiochemicals in their reproduction and feeding behavior. Here, using a 
comparative transcriptomics approach, we compare the odorant binding (OBP) and 
gustatory receptor proteins (GR) in these two tephritid species in order to better 
understand the mechanisms underlying their host specificity and survival.  
Methods: We used a de novo transcriptome assembly of short read sequences for each 
species. The reads were generated using Illumina solexa sequencing platform. The 
transcriptomes were therefore annotated and used as an input for comparative 
phylogenomic analysis. 
Results: In this study, we identified for the first time 15 putative odorant binding 
receptor (OBP) and 7 chemosensory protein sequences (CP) specific to B. cucurbitae. 
We also compared the OBP sequences to the already published results from B. dorsalis. 
We were able to identify three main OBP classes in B. cucurbitae: classical, minus-c 
and atypical proteins. Both OBP and CP sequences were used to generate maximum 
likelihood phylogenetic trees using Drosophila melanogaster as an outgroup. Both trees 
show a close clustering of sequences from the two species, but also some sequences 
without clear homologs that may represent genes and products unique to each species. 
Conclusions: Chemosensory receptor proteins have been identified and characterized in 
B. cucurbitae and B. dorsalis, two of the most important agricultural species among 
tephritid fruit flies. This study gives us insights into the evolutionary patterns of 
olfaction in tephritid fruit flies. It also represents an important contribution to the 
development of environmentally friendly pest control strategies. 

Keywords: Transcriptomics, odorant- binding proteins, olfaction, tephritids, phylogenomics 
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A Computer Model of Attractant-Based Fruit Fly Traps and its Utility 
for Optimizing Trapping Networks 

Nicholas Manoukis1, Brian Hall1,2 and Scott Geib1 

1US Pacific Basin Agricultural Research Center (PBARC), United States Department of Agriculture-
Agricultural Research Service, 64 Nowelo St., Hilo Hawaii, USA. E-mail:  nicholas.manoukis@ars.usda.gov; 
2Department of Computer Science, University of Hawaii at Manoa, Hawaii USA.  

Background: Trap networks are crucial components of many fruit fly detection, 
delimitation, Integrated Pest Management (IPM), and eradication programs. Where to 
place traps and the optimal density for cost-effective operation are central questions 
facing those managing programs that employ trapping.  
Methods: We present a novel probabilistic model of trap attraction that will be useful to 
addressing both questions. The model focuses on the relationship between insect 
distance from a trap and the probability of the insect being captured, and scales this up 
to a landscape level by considering both the spatial relationship between the insects and 
traps as well as the ecology of the area.  

Results: In this presentation we describe the mathematical basis of the model, 
parameterize it with field data, use a computational approach to place modeled traps 
into a variable landscape, and examine the effectiveness of trapping networks. We also 
show how this trap model integrates into an Agent-Based Simulation used to determine 
quarantine lengths after outbreaks in fruit fly free areas.  
Conclusions: Our model is useful for optimizing trap placement to minimize program 
operating costs and for comparing the sensitivity of networks with varying densities or 
placements. It can also be used to rigorously estimate the probability of insects 
remaining in the area when none are captured, a topic of considerable ecological, social 
and regulatory importance.  

Keywords: Mathematical Model; Trapping; Attractant; Behavioral Ecology 
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Comparison between the Attractiveness of an Orange Scent (Limonene) 
and a Pheromone (Ceratitislure) to 

the Natal Fruit Flies (C. rosa) in a Food Bait 
Makuena Lebusa1, Mark Laing2 and Ray Miller3 

1School of Life Sciences, University of KwaZulu-Natal, Pietermaritzburg, South Africa, 3201. Email: 
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of KwaZulu-Natal, Pietermaritzburg, South Africa, 3201. 

Background: Semiochemicals have been used over time in crop protection to alter the 
behaviour of insect pests. Food attractants and sex pheromones as baits have been 
studied for years, and their effectiveness in monitoring pest populations has been 
confirmed by various researchers. In this study, the attractiveness of two attractants: 
limonene (an artificial orange scent) and Ceratitislure (protein hydrolysate plus β-
caryophyllene) were compared and the two attractants were both incorporated in food 
baits for testing.  

Methods: The diet contained sugar and yeast hydrolysate in the proportion of 3:1, 
respectively. Each diet incorporated either limonene or Ceratitislure, and the two were 
introduced to the rearing cage in McPhail traps. The rate of attractiveness of each bait 
was determined by the number of flies trapped the end of one week.  

Results: More flies were captured in traps containing bait with an orange scent than the 
one with the pheromone indicating that the orange scent is more attractive than the sex 
pheromone to the adult Natal fruit flies.  
Conclusion: This study presents limonene as a possible and effective attractant for use 
in baits developed for fruit fly control.    

Keywords: fruit flies, BAT, Natat fruit fly, fruit scents, Ceratitislure, food attractants, sex pheromones 
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Comparative Sensitivity of Males of Four Globally Important Cryptic 
Species in the Bactrocera dorsalis Complex - B. dorsalis, B. invadens, B. 

papayae and B. philippinensis, to Methyl Eugenol 
Alvin Kah-Wei Hee1, Suk-Ling Wee2 and Keng-Hong Tan3 

1Laboratory of Entomology and Chemical Ecology, Department of Biology, Faculty of Science, 
Universiti Putra Malaysia, 43400 UPM, Selangor Darul Ehsan, Malaysia. Email: 
alvinhee@putra.upm.edu.my; 2Universiti Kebangsaan Malaysia, Bangi, Malaysia; 3Academy of Sciences 
Malaysia, Kuala Lumpur, Malaysia  

Background: Males of certain putative species belonging to the Bactrocera dorsalis 
complex are strongly attracted to, and readily feed on methyl eugenol that is found in 
over 480 plant species worldwide. Included among those species are some of the 
world’s most severe fruit pests such as the Oriental fruit fly, B. dorsalis (Hendel) along 
with its very close sibling members B. papayae Drew & Hancock, B. philippinensis 
Drew & Hancock and B. invadens Drew, Tsuruta & White. While the first three species 
continue to threaten the fruit industry in the Asia-Pacific countries, the rapid 
establishment of B. invadens in Africa within the last decade has raised an alarm that 
this pest can potentially devastate the entire fruit industry. The identification of these 
four cryptic species has been the subject of great controversy for a number of years due 
to their very similar morphology, mating compatibility, production of viable offspring 
and sex pheromone system following pharmacophagy of methyl eugenol, an extremely 
potent male attractant.  

Methods: In the present study, the comparative sensitivity of B. dorsalis s.s., B. 
papayae, B. philippinensis and B. invadens to methyl eugenol was investigated. 
Laboratory bioassays of the males’ attraction to methyl eugenol were performed and 
evaluated using probit analysis. 

Results: To date, results have demonstrated that the ED50 (effective median dose 
required to attract 50% of male fruit flies tested) of the four species showed no 
significant differences.  

Conclusions: Current results indicate that, based on the fly response to methyl eugenol, 
these four male sibling species of the B. dorsalis complex are of same species thereby 
further supporting an international effort to synonymize them as one single species.   

Keywords: Bactrocera dorsalis, B. invadens, B. philippinensis, B. papayae, methyl eugenol, probit 
analysis. 
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Effects of Different Semiochemical Found in the Sex Pheromone of the 
Males on the Response of Anastrepha fraterculus Females 

Radka Břízová1, Laura Juárez2,3, Josefina Ruiz3,4, Blanka Kalinová1, Guillermo 
Bachmann3,5, Diego Segura3,5, Patricia Fernández3,6, Peter Teal7 and Teresa Vera2,3 
1Institute of Organic Chemistry and Biochemistry, Prague, Czech Republic. brizovar@seznam.cz; 

2Facultad de Agronomía y Zootecnia (FAZ), Universidad Nacional de Tucumán, Argentina; 3Consejo 
Nacional de Investigaciones Científicas y Técnicas (CONICET), Ciudad Autónoma de Buenos Aires, 
Argentina; 4Estación Experimental Agroindustrial Obispo Colombres, Tucumán, Argentina; 5Instituto de 
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7Chemistry Research Unit, USDA-ARS, Gainesville, USA. 

Background: Anastrepha fraterculus (Wiedemann) has a lek mating system. At the lek, 
males emit a sexual pheromone to attract females. Once in the lek, females choose with 
whom to mate and strong sexual selection operates over several traits. Pheromone 
composition has been shown to be variable among the several morphotypes of this 
cryptic species. The morphotype present in Argentina has at least 30 compounds that 
are emitted by males. Females displayed strong electroantennographic (EAG) responses 
to five of them. Here we tested if some of these compounds (presented alone or in a blend) 
elicit a behavioral response in A. fraterculus females.  

Methods: To determine female behavioral response, we performed laboratory trials in which 
10 virgin females were released in a testing cage that contained two landing stations: one 
with the test stimulus and one with the blank. The stimuli consisted of: farnesene (in a 
mixed of Z,Z-α-farnesene and Z,E-α-farnesene at a 4:1 ratio) at 4 different concentrations; 
nonenol [(3Z)-non-3-en-1-ol]; a three component blend of farnesene, nonenol and 
nonadienol [(3E,6Z)-nona-3,6-1-ol] at a 1:1:1 ratio; extracts from the collection of 
pheromone volatiles; and five live males confined in a container (artificial lek). The hexane 
solution of the respective individual compounds, the blend and the male pheromone extract 
were loaded on a piece of white filter paper (5 cm2). After solvent evaporation, the 
paper was hung from the top of the cage; the males were confined in a perforated 
container that allowed pheromone dispersion and also hung from the top of the cage. In 
the case of the single components, the blend or the extract, the blank was hexane; for the 
calling males, the blank was the same container without males. The cage was virtually 
divided in two halves and the number of females in each side was scored every 10 
minutes for two hours. Observations took place early in the morning (time at which flies 
are sexually active) under ambient temperature in a room that had natural light.  
Results: Females were significantly attracted to the artificial leks. Female response to 
farnesene was concentration dependent. Low concentrations elicited attraction, while 
higher concentrations were repellent. At the concentration tested, nonenol was 
significantly attractive as well as the three component blend. Surprisingly, the 
pheromone collection extract did not elicit any attraction. Only a single concentration 
was tested, so the pheromone collection needs further evaluation. 
Conclusions: At least two compounds emitted by A. fraterculus males have been shown 
to be EAG active to females and attract females when they are offered individually. It 
would be interesting to see now if these compounds elicit a higher attraction when they 
are together (synergisms) and if they are involved in species recognition within the 
complex.  

Keywords: South American fruit fly, pheromone, sexual communication, farnesene, nonenol. 
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Effect of Male and Female Attract & Kill Techniques for the Control of 
Peach Fruit Fly Bactrocera zonata (Saunders) in Libya and Egypt 

Nayem Hassan1, Ramy Aljazzar2, Ali A. Kafu3, Shakir Al-zaidi1, Aida Adel Badi4                           
and Ahmed El-Heneidy5 

1 Russell IPM, United Kingdom. E-mail: 'nayem@russellipm.net'; 2Mediterranean institute of agronomy, 
BARI, Italy; 3Biotechnology Research Centre, Libya; 4Agricultural Research Centre, Libya , 5Agriculture 
Research Centre, Cairo, Egypt.  

Background: Fruit flies (Tephritidae) pose a significant threat to fruit and vegetable 
production and to the unimpeded export of fresh fruits and fleshy vegetables throughout 
the world. One of the most effective fruit fly control strategies is based on application of 
Male Annihilation Technique (MAT) to kill males and use of attract and kill systems for 
females.  
Methods: In the present study, Zonatrac and Ceranock attract & kill systems were used 
to combat several fly species. Zonatrac is an innovative system that consists of Methyl 
Eugenol and the toxicant Abamectin in an emulsified wax formulation to attract and kill 
males of Bactrocera species such as B. zonata, B. invadens, B. dorsalis and other 
tephritid flies that are attracted to Methyl Eugenol. Ceranock is a specialized attract & 
kill system based on protein hydrolysate and the toxicant Alphacypermethrin.  The 
performance of Zonatrac was evaluated under field condition in Libya against B. zonata 
at a dose of 2g dollop per trap to determine the number of flies attracted as indicated by 
trap catch. Furthermore, the performance of Zonatrac combined with Ceranock was 
evaluated under field condition in Egypt against B. zonata at rate of 400 Ceranock bait 
stations and 80g of Zonatrac/ha in a mango orchard in Al-Sharqiyah.  

Results: The results showed a steady release of attractant over a period of eight weeks.  
Average trap catch per trap per day (FTD) in the first week was 132 flies, and then 
decreased gradually, until week eight with an range average of 77– 44 flies. Zonatrac 
remained effective for more than eight weeks in the hot Libyan climate. Both techniques 
have proven to be effective in substantially reducing fruit fly infestation, where fruit 
damage assessment revealed infestation rates were 3.28% and 4.92% in two treatment 
plots, as opposed 27.87% in an untreated control plot.  
Conclusions: The combined application of male and female attract and kill systems 
provided over 95% control of fruit damage in a mango orchard. 

Keywords: methyl eugenol, abamectin, Zonotrac, Bactrocera 
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Evaluation of Trap Types and Food Attractants for North American 
Cherry Fruit Fly – Rhagoletis cingulata Loew (Diptera, Tephritidae) 

Mario Bjeliš¹, Dražen Radunić¹, Jože Miklavc² and Gabrijel Seljak² 
¹Institute for Plant Protection, Croatian Centre for Agriculture, Food and Rural Affairs, Croatia. E-
mail:mario.bjelis@hcphs.hr;² KGZS – Kmetijsko Gozdarski Zavod, Nova Gorica, Slovenija. 

Background: After it was introduced into Europe in t he  early 1990's, the North 
American cherry fruit fly, Rhagoletis cingulata L. has spread along the region and has 
become a pest of high economic importance in many countries in Europe. This fruit fly 
attacks important cultivated fruit crops including sweet cherries, Prunus avium, and 
sour cherries, Prunus cerasus. Trapping systems used to monitor Rhagoletis cerasi L. 
are used currently for R. cingulata. 

Methods: Field experiments were conducted during periods of flight activity of R. 
cingulata in sour cherry orchards in northeast Slovenia. Several trap types were tested 
in combination with commonly used food attractants. Yellow sticky traps 
(Chromotrap), Tephri Traps and a modified McPhail trap were baited with ammonium 
bicarbonate, ammonium acetate, or the combinations of ammonium bicarbonate or 
ammonium acetate with the synthetic attractant trimethylamine. Captures of both male 
and female R. cingulata were measured during June. To estimate effect of the trap type 
to non-target and beneficial insects, captures of Neuroptera, other Diptera, and other 
non-target insects were measured. 

Results: Results of the experiment showed that Chromotrap in combination with 
either ammonium bicarbonate or ammonium acetate alone, or ammonium acetate with 
trimethylamine is more effective than any other tested combination of trap type and 
attractant. Chromotraps with ammonium bicarbonate captured 3 to almost 5 times 
more R. cingulata than combinations with Tephri Traps or modified McPhail traps. 
More males were captured than females in Chromotraps with ammonium acetate. The 
highest captures of non- target Diptera species were in modified McPhail traps with 
ammonium acetate combined with trimethylamine. T he highest captures of the 
non- target beneficial Neuroptera were obtained when unbaited Chromotraps were 
used. 

Conclusions: Results of the experiments showed that the visual-cue trap type 
Chromotrap in combination with ammonium bicarbonate is a more effective tool for 
early detection, monitoring and mass trapping of R. cingulata than the other tested 
combinations of traps and attractants. 

Keywords: Rhagoletis cingulata, trapping, food lures, synthetic attractants, color traps 
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Field Evaluation of Attractive Lures for Bactrocera minax (Enderlein) 
(Diptera:Tephritidae), for Use in Spot Sprays  in Tsirang, Bhutan 

Kiran Mahat¹, Phuntsho Loday¹ and Lakey Lakey² 
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Background: The Chinese citrus fruit fly, Bactrocera minax (Enderlein) is a major 
univoltine fruit fly pest of mandarin in Bhutan. In order to provide an environmentally 
friendly alternative to insecticidal cover sprays, lures that can potentially be used as 
baits in spot sprays were field tested for their effectiveness in attracting and killing B. 
minax flies. 

Methods: Field trials were conducted in 2013, from May to August, in four citrus 
orchards in Tsirang District, Bhutan. The attractiveness of four lures, Probiofer L 
(Protein Hydrolysate Liquid), Probiofer A (Protein Hydrolysate Powder), Australian 
Protein (Mauri Pinnacle protein®) and Jaggery (a concentrated product of sugar cane), 
were determined through weekly counts of B. minax captured in PET bottle traps 
containing these mixtures. Each treatment was replicated six times and placed in four 
citrus blocks (96 traps in total). Female flies ensnared in the traps were also dissected to 
determine their sexual maturity. The effectiveness of Probiofer L, Probiofer A and 
Pinnacle protein in killing B. minax, when applied as spot sprays mixed with malathion, 
were determined by counting dead flies collected on white sheets placed below the 
treated spots (three replicates for each treatment).  
Results: Among the lures, Probiofer L and Pinnacle protein were the most attractive, 
capturing significantly more  flies compared to Probiofer A and Jaggery. In terms of the 
efficacy of the lures in killing flies, Pinnacle protein killed significantly more number of 
flies followed by Probiofer A, Probiofer L and the control within 1hr after bait 
application. Compared to male flies, a significantly more  female flies were attracted to 
these lures. Female B. minax flies that were dissected indicated that the majority of the 
flies were immature and semi-mature till the first week of June, with most flies attaining 
full sexual maturity by the end of June. The peak fly activity was observed in the second 
and third week of June.  

Conclusions: Results indicate that Probiofer L, Probiofer A and Pinnacle protein baits 
hold promise to be used as lures for spot sprays in managing this pest. 

Keywords: Chinese citrus fruit fly, Bactrocera minax, protein bait, attraction, spot sprays 
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Host Fruit Odours as Attractants for Bactrocera cucurbitae Females 
Toulassi Atiama-Nurbel1, Anne Bialecki2, Késia Bouly1, Emilie Boyer2,                      
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Background: The Melon fly, Bactrocera cucurbitae (Diptera, Tephritidae), is one of the 
most important pests attacking Cucurbitaceae crops in tropical regions of the world such 
as Reunion Island. In Reunion Island it is specialized on this family of plants. As fruit 
volatiles are critical in host finding behaviour of females, cucurbit fruit volatiles can be 
considered as a promising source of new attractants. The aim of our study was to 
investigate in various species (18) of this family, the volatile composition of fruit 
emission and to identify which components could be attractive for females of B. 
cucurbitae. 
Methods: In a first step, we evaluated in small test cages the relative attractiveness for 
the females of the odours of various host fruit species within the Cucurbitaceae family. 
In a second step, the volatile emissions of the fruits were characterized according to 
their stage of ripening using Headspace Solid-Phase Micro Extraction (HS-SPME) 
collection and Gas Chromatography/Mass Spectrometry (GC/MS) detection. Finally, a 
series of volatile compounds were selected according to the chemical analysis and to 
Gas Chromatography Electroantenogramm Detection (GC-EAD), which were tested 
individually or in blends in olfactometer tests.  
Results: In small test cages, large differences in attractiveness were observed between 
the cucurbit species, and, for a given species, between varieties and between 
phenological stages. The higher response of the females was observed with mature 
fruits of Luffa cylindrica (sponge gourd) and Cucumis sativus (cucumber). Depending 
on the cucurbit species, the most attractive odour was the odour of young fruit or the 
odour of mature fruit.  Ten volatile compounds (alcohols, aldehydes and a terpene) 
inducing GC-EAD responses were selected and tested in olfactometer bioassays. The 
attractiveness of single compounds for B. cucurbitae females varied according to their 
dose. Three of the tested blends induced female responses similar to the odor of fresh 
cucumber (around 60% of response).  
Conclusion: The most promising blends found in our study should be further tested in 
the future for their attractiveness in field experiments.  

Keywords: Cucurbit volatiles, HS-SPME, GC-EAD, olfactometer, kairomones 
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New Attractant for the Queensland Fruit Fly, 
Bactrocera tryoni (Froggatt) 
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Background: With crop damage from Queensland fruit fly (Qfly), Bactrocera tryoni, 
becoming an increasing concern for growers, improved methods for Qfly control are 
needed. New stronger attractants for Qfly are critical for control and in particular the 
success of area-wide management, a control strategy that has recently shown 
effectiveness in areas of high Qfly density. 

Methods: A series of experiments was used to assess the activity/attraction of the new 
lure and compare this activity to existing lure compounds.Experiments used to assess 
lure activity included electroantennogram, laboratory bioassays, field cage assays, and 
field trapping. The new lure compound was also structurally characterized and vapor 
pressure measurements were taken using differential scanning calorimetry. 
Results: The new lure compound has shown promising initial results, including 
strong electroantennogram responses when compared to cuelure and melolure, stronger 
attraction of Qfly in head-to-head bioassays when compared to cuelure and melolure, 
and higher numbers of Qfly caught in both field cage assays and field trapping 
experiments when compared to cuelure.  Vapor pressure curves for the new lure 
compound were constructed along with curves for cuelure and melolure. 
Conclusions: While further testing needs to be conducted, this new lure for Qfly offers 
promise for both fly population control (e.g. male annihilation technique) and 
enhanced border protection. 

Keywords: Queensland Fruit Fly, Bactrocera tryoni, attractant, MAT, cuelure 
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New Methyl Eugenol and Raspberry Ketone Dispensers for Detection 
and Area-Wide Suppression of Fruit Flies (Diptera: Tephritidae) 
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and Agenor Mafra-Neto5 
1 USDA-ARS, U.S. Pacific Basin Agricultural Research Center, 64 Nowelo St, Hilo, HI 96720, USA, 
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Background:  Economically important fruit flies (Diptera: Tephritidae) are among the 
most serious agricultural pests worldwide of soft fruits. Conventional fruit fly control 
methods have relied heavily on liquid organophosphate insecticides. Overuse of these 
insecticides has been implicated with secondary pest outbreaks, negative effects on 
beneficial insects, environmental contamination, adverse effects on human health and 
resistance.  The Hawaii Fruit Fly Area Wide Pest Management (AWPM) program 
successfully integrated environmentally friendly technologies into a comprehensive 
fruit fly management package (the 1-2-3 program) that was economically viable, 
environmentally compatible, and sustainable.  Major components included 1) sanitation 
2) solid lure and pesticide monitoring dispensers, 3) GF-120 NF Naturalyte Fruit Fly 
Bait, and most recently 4) sprayable spinosad male annihilation formulations. 
Methods:  Efficacy trials were conducted with novel monitoring dispensers (FT-TMR) 
weathered in California and tested in Hawaii against Ceratitis capitata, Bactrocera 
dorsalis, and B. cucurbitae.  Male annihilation demonstration trials were conducted 
with a sprayable spinosad formulation weathered in California and bioassayed in 
Hawaii against B. dorsalis.  Additional orchard trials were done in Brazil and Hawaii   

Results:  The TMR wafers containing trimedlure, methyl eugenol, and raspberry ketone 
performed as well as the three individual traps with liquid lure and insecticides used for 
detection of Ceratitis capitata, B. dorsalis, and B. cucurbitae, respectively, in California 
and Florida.  Dispensers can be manufactured individually or as mixtures.  Spinosad 
male annihilation treatments weathered in California performed as well as the standard 
organophosphate treatment.  In orchard demonstration trials rapid reductions of fruit fly 
populations were achieved six weeks after the deployment of the spinosad male 
annihilation bait stations in both Hawaii and Brazil.    

Conclusions:  i) Solid TMR wafers with DDVP are more convenient and safer to handle 
than current liquid lure insecticide formulations for detection and monitoring of fruit 
flies.  ii) Results from field male annihilation demonstration studies suggest spinosad 
based male annihilation treatments could be integrated with sanitation and GF-120 NF 
Naturalyte Fruit Fly Bait into a 1-2-3 IPM program without organophosphate 
insecticides for area-wide IPM of fruit flies worldwide.   

Keywords: fruit flies, suppression, IPM. 
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Phenolics in a Developing Mango Deter Oviposition in Case of 
Bactrocera dorsalis (Hendel) 

Soumya Bevinamar1, Abraham Verghese2 and Shivashankar S.1 

1 Indian Institute of Horticultural Research, Hesseraghatta Lake P O, Bangalore - 560089, India. E-mail: 
cbsoumya323@gmail.com; 2National Bureau of Agriculturally Important Insects, H.A. Farm post, 
Bellary Road, Bangalore-560024, India. 

Background: Anti-herbivory compounds are the secondary metabolites present in plants 
which play important role against insect infestation. Among them phenolics is an 
important class. A study was undertaken at Indian Institute of Horticultural Research, 
Bangalore (12058’N; 77035’E) to know its role in five different varieties of mango 
against a well-known polyphagous insect pest, the Oriental fruit fly, Bactrocera dorsalis 
(Hendel) (Tephritidae: Diptera). This species attacks mango and causes serious loss 
ranging from 50 to 80%.  
Method: Varieties selected for the study were cv. Banganapalli, Alphonso, Totapuri, 
Langra and EC-95862. The phenol content of different stages of maturity of the selected 
varieties was quantified spectrophotometrically by Folin–Ciocalteau method as 
described by Singleton and Rossi. The absorbance at lambda max of 700 nm was 
measured spectrophotometrically. 

Results: The data were subjected to correlation analysis with the field infestation at 
harvest with LSD (P=0.05 as test criterion). It was found there was a significant 
negative correlation between the phenolic content and infestation levels at different 
maturity stages (50%, 60%, 70%, 80%, 90% and harvest).  

Conclusions: This clearly showed that the increase in phenols deterred the fruit fly from 
ovipositing paving the way for its application in breeding resistant mango varieties.     

Keywords: Mango, fruit fly, phenols, B. dorsalis 
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Reactive Oxygen Species and Anti-oxidant Systems in the Resistance of 
Cucurbit Fruits to Bactrocera cucurbitae (Coquillett) 

Subhash Kandakoor1, Chakravarthy A.K. 1, Abraham Verghese2, Shivashankar 
S.3, Sumathi3  M. and Rashmi M.A.1 

1Department of Entomology, University of Agricultural Sciences, GKVK, Bangalore-560065, Karnataka, 
India. E-mail: subbukandakoor@gmail.com; 2Director, National Bureau of Agriculturally Important 
Insects, P.Bag No:2491, H.A. Farm Post BellaryRoad, Bangalore - 560 024, Karnataka, India; 3Division 
of Biochemistry and Crop physiology, Indian Institute of Horticultural Research, Hesseraghatta Lake PO, 
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Background: The melon Fruit Fly, Bactrocera cucurbitae, is a major pest of cucurbits 
in India. The extent of losses varies between 30 to 100%, depending on the cucurbit 
species and the season (Dillon et al., 2005). 
Methods: A study was undertaken to know the defensive role played by the enzymes in 
prevention of the fruit fly infestation. Reactive oxygen species (ROS), cellular anti-
oxidants and anti-oxidative enzyme activities in the responses to infestation by melon 
fly (Bactrocera cucurbitae) in different cucurbit fruits were studied. The patterns of 
change in ROS following infestation of fruit showed that there was a significantly 
higher rate of hydroxyl radical (OH•) production in susceptible group compared to 
resistant. The activities of four free radical-scavenging enzymes, catalase (CAT), 
peroxidase (POD), Phenyl alanine Lyase (PAL), and superoxide dismutase (SOD), 
changed rapidly following fruit fly infestation in the magnitude and timing of the 
responses. 

Results: Data analysis indicated that the rapid production of excess hydrogen peroxide 
(H2O2) in Sechium edule and Lagenaria siceraria fruits immediately following 
infestation, and the effective neutralisation of H2O2 by the concerted action  of  anti- 
oxidative enzymes and cellular anti-oxidants, prevented melon fly infestation and 
overcame the damaging effects of free radicals. In  contrast, the imbalance created 
between free radical production, especially the highly destructive OH• and superoxide 
radicals (O2 •–), and their  incomplete removal by anti-oxidative enzymes and cellular 
anti-oxidants, caused substantial damage to plant tissues that facilitated and predisposed 
melon fly maggots to feed on snake gourd, cucumber and bitter gourd fruits making it 
more susceptible to infestation. The rapid generation of H2O2, coupled with the timely 
action of H2O2-scavenging enzymes and cellular anti-oxidants, may be the major 
contributing resistance factor against melon fly. 

Conclusions: Results showed that anti-biosis mechanism for larval development might 
play a crucial role in melon fly resistance. 

Keywords: Bactrocera cucurbitae, phenyl alanine lyase, catalases, peroxidase, superoxide dismutase 
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Role of Guava Volatiles on Anastrepha fraterculus (Wiedemann) Male 
Sexual Display and Pheromone Release 

Guillermo Bachmann1,2, Diego Segura1,2, Teresa Vera2,3, Peter Teal4, Josefina 
Ruiz2,5, Laura Juárez3, Jorge Cladera1 and Patricia Fernández2,6 
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Background: Exposure of tephritid males to certain fruit volatiles has been shown to 
increase their mating success. However the mechanism associated to this phenomenon 
is unknown. Here, we evaluated the hypothesis that this effect is mediated by an 
increase in pheromone emission and/or a change in sexual displays. 

Methods: A. fraterculus males preexposed to guava fruit volatile were individually 
offered to virgin females together with not exposed males. Under such conditions, 
females chose one partner and males were assigned into one of four possible categories: 
according to treatment (guava exposed or not exposed) and mating success (successful 
or unsuccessful). On the following day, we collected volatiles emitted by each male 
type in groups of ten individuals and registered behavioral parameters of the sexual 
display. Male volatiles were adsorbed in SuperQ filters and desorbed with 
dichloromethane to be analyzed by gas chromatography. Pheromonal compounds were 
identified by standards. 

Results: Preexposure to guava volatiles significantly increased the probability of male 
mating success (Chi2 test: p < 0.05). Successful males performed a more intense sexual 
display (and released more pheromone) than unsuccessful ones (ANOVA: p<0.05). 
Intensity of the sexual display decreases through time being consistent to the amount of 
released pheromone. 
Conclusions: Mating success of males preexposed to guava volatile appears to be 
mediated by an increase in the proportion of males able to perform sexual displays and 
release pheromone to levels that conferred a greater acceptance by females. Further 
studies should look into differences in short distance cues as the cuticular composition 
of males after exposure. 

Keywords: male sexual competitiveness, semiochemicals, sexual selection, Tephritidae 
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Search for New Fruit Fly Attractants from Plants 
Ritsuo Nishida1 and Keng-Hong Tan2 

1Lab of Chemical Ecology, Kyoto University, Kyoto, 606-8502 Japan. Email: ritz@kais.kyoto-u.ac.jp  
2Tan Hak Heng Co., Penang, Malaysia. 

Background: The fruit fly genus Bactrocera comprises more than 500 species many are 
fruit pests of economic importance. Males of many species show strong affinity to either 
methyl eugenol (ME) or cue-lure (CL) (or its deacetyl derivative, raspberry ketone 
(RK)). However, there are about 200 species, which do not respond to these lures.  We 
have been seeking new attractants for ‘nonresponding’ species particularly those 
endemic agricultural pests, by observing the flies’ natural interactions with plants and 
also by analyzing specific chemicals the wild male flies accumulate in their secretory 
organ. 

Methods: Orchid flowers of many Bulbophyllum species attract Bactrocera fruit fly 
males by emitting a synomone consisting of either ME or RK, for pollination in the rain 
forests of Southeast Asia. We searched for other unknown floral volatiles in these “fruit 
fly orchids” strongly associated with Bactrocera species. The male flies ingested floral 
or plant volatiles; and selectively accumulated compounds, unchanged or 
biotransformed, in the rectal pheromone glands. Unique rectal sequestrates were 
identified, and then, tested for fly attraction. 
Results: A series of phenylpropanoids and phenylbutanoids, besides ME and RK, have 
been identified from a number of Bulbophyllum species.  Zingerone (ZN) characterized 
from Bu. patens and Bu. baileyi attracted both ME-sensitive and RK-sensitive males. 
ZN was subsequently found to be a specific male attractant for B. jarvisi, and two other 
non-pest species in Australia (Fay, 2012). Another specific attractant was isolated and 
characterized as 3-hydroxy-α-ionone from a variety of host eggplants where B. latifrons 
males congregate and compulsively feed on. Several 3-oxygenated α-ionone analogs 
were developed as monitoring agents for B. latifrons in Okinawa, Japan. A 
sesquiterpene hydrocarbon, β-caryophyllene, was identified from the rectal glands of 
wild B. correcta males. It was found to be more attractive than ME, and thus serves as a 
new monitoring agent for the species. 

Conclusions: The strong attractiveness to these plant allelochemicals is a unique 
characteristic in Bactrocera males. This seems to be linked to the flies’ pheromone and 
defensive systems specifically developed within the highly diverged species radiating 
from central Southeast Asia. We need to pursue further investigations to understand the 
natural life history of these fruit flies in close association with plants in their natural and 
agricultural ecosystems. 

Keywords: fruit fly attractant, phenylpropanoid, Bactrocera, synomone, Bulbophyllum orchid. 
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Total Phenolics in Peel and Pulp of Cucurbits as a Resistance Factor 
against Melon Fruit Fly, Bactrocera cucurbitae (Coquillett) 

 (Diptera: Tephritidae)  
Chakravarthy1 A.K., Subhash Kandakoor1, Shivashankar3 S., Abraham Verghese2, 

Rashmi1 M.A. and Sumathi3 M. 
1Department of Entomology, University of Agricultural Sciences, GKVK, Bangalore-560065, Karnataka, 
India. E-mail: : chakravarthyakshay@gmail.com; 2Director, National Bureau of Agriculturally Important 
Insects, P.Bag No:2491, H.A. Farm Post Bellary Road, Bangalore - 560 024, Karnataka India; 3Division 
of Biochemistry and Crop physiology, Indian Institute of Horticultural Research, Hesseraghatta Lake PO, 
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Background: The melon Fruit Fly, Bactrocera cucurbitae, is a major pest of cucurbits 
in India. The extent of losses varies between 30 to 100%, depending on the cucurbit 
species and the season. 
Methods: A study was undertaken to know the defensive role played by the phenolics 
in prevention of the fruit fly infestation. Eight different cucurbits were tested for the 
total phenolics in peel and pulp at different intervals of maturity. Maintenance of the 
high phenolics at critical stages of infestation (25 to 50% maturity) play important role 
in preventing fruit fly damage in cucurbits. 

Results: Negative relationships were observed with Phenolics in peel and pulp with 
per cent fruit infestation. Lower levels of  phenolics in ridge gourd (8.42 and 2.28 
mg/100g Fresh weight) and snake gourd (23.15 and 7.30 mg/100g Fresh weight) 
showed susceptibility compared to bottle gourd (106.56 and 13.92 mg/100g Fresh 
weight) which showed resistant at 25% maturity stage. Similarly, same trend was 
observed at 50% and 90% fruit maturity. 

Conclusions: This indicated that antibiosis mechanism for host access and 
development of larvae might play a crucial role in melon fly resistance. 

Keywords: Bactrocera cucurbitae, infestation, cucurbits, phenolics. 
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Electroantennogram of Ceratitis capitata and Field Responses on 
Bactrocera dorsalis with CeraTrap® 

Nuria Sierras, Cándido Marín, Anna Botta and Ricard Brossa 
BIOBERICA, R&D Plant Physiology División. Pol. Ind. “Mas Puigvert”, Ctra. N-II, km. 680,6. 08389 
Palafolls, Barcelona, Spain. E-mail: nsierras@bioiberica.com 

Background: The purpose of this work was to assess the efficacy of the commercial 
mass trapping system (CeraTrap®) based on the release of volatile compounds from an 
enzymatically hydrolyzed protein on Bactrocera dorsalis through field trials and the 
electroantenography (EAG) technique Ceratitis capitata. 

Methods: The efficacy of CeraTrap on field trials was evaluated assessing captures and 
fruit damage. The EAG results were recorded from both fruit fly sexes and the effect of 
female age on fly response was studied. The behavioral response of the fly to different 
doses of volatile compound was evaluated. 

Results: The field trial results show that CeraTrap performs, at least as well as the 
traditional farmer program, with the advantage that CeraTrap has no insecticide in its 
formulation and there is no need to add any into the trap. A higher collection period for 
the released volatiles from a constant bait volume does not increase the relative EAG 
signal. Over a range of doses tested, EAG female response was significantly greater 
than male response. Using a fixed dose of substrate, the maximum EAG amplitude was 
reached for the 4-days old female insects.  

Conclusions: It is concluded that, according to EAG results, CeraTrap attract mainly 
immature females and shows a constant attractiveness as the bait ages. The field trials 
results suggest that CeraTrap is an effective system against fruit fly, decreases medfly 
fruit damage and therefore gives a good opportunity to the IPM strategies. 

Keywords: CeraTrap®, electroantennogram, attractant, protein bait, enzymatic hydrolysis 
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IPM of Bactrocera dorsalis (Hendel) and Bactrocera cucurbitae (Coq.)  
T. Jiji1, Abraham Verghese2, A. Naseema1, P. Pravida1 

G.Suja3 and P.A. Archana1 
1College of Agriculture, Vellayani, Thiruvananthapuram 695522, Kerala, India; E-mail: 
jijirajmohan2004@yahoo.co.in; 2NBAII, Bangalore 3Regional Agricultural Research Station, 
Kayamkulam, Kerala, India 

Background: A case study was undertaken during the year 2011 to test IPM techniques 
in managing fruit flies in mango and cucurbits  

Methods: Experiments were laid out with three treatments and 15 replication each for 
mango and cucurbits in three southern districts of Kerala. In mango we applied 
collection and destruction of fallen fruits, use of methyl eugenol traps, swabbing the tree 
trunk with jaggery containing malathion during fruiting season at fortnightly intervals, 
and soil application of B. bassiana. In cucurbits the same treatments were used with bait 
spray, cue lure traps and biocontrol agent. In both cases an absolute control plot and a 
treatment plot involving bait spray containing two per cent sugar and 0.1% malathion 
were also maintained. 

Results: Experiments in field revealed that there was significant reduction in the level of 
B. dorsalis and B. cucurbitae infestation in the experimental plots where IPM was 
followed. The application of biocontrol agent Beauveria bassiana effectively 
supplemented the integrated fruit fly management programme in mango and cucurbits . 
In mango there was significant reduction in the level of B. dorsalis infestation where 
IPM was followed. In mango, control plots recorded fruit fly incidence of 72.5%, 
compared to the malathion treatment (40.0%) and IPM plot (17.4%). There was 
significant reduction in the level of B. cucurbitae infestation in experimental plots 
where IPM was followed. In cucurbits, absolute control plots recorded fruit fly 
incidence of 75.3%, compared to malathion treatment (41.2%) and IPM (15.3%).  

Conclusion: IPM was found effective in managing the pests. 
 
Keywords: IPM, Bactrocera dorsalis, Bactrocera cucurbitae 
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IPM For Bactrocera dorsalis (Hendel) and Bactrocera zonata (Saunders) 
on Kinnow Mandarin in the Indian Punjab 

Sandeep Singh and Desraj Sharma 
Department of Fruit Science, Punjab Agricultural University (PAU), Ludhiana, Punjab, India. E-mail: 
sandeep_pau.1974@pau.edu 

Background: Kinnow mandarin, a hybrid between King (Citrus nobilis) and Willow leaf 
(Citrus deliciosa) mandarins is the prime citrus fruit of Indian Punjab. During August 
and September, two important fruit flies, Bactrocera dorsalis and Bactrocera zonata 
may destroy 40-80 % fruits of Kinnow mandarin. These important pests are difficult to 
manage as they are polyphagous, multivoltine, with highly mobile and fecund adults 
with immature stages that are protected inside fruits. Since applications of insecticides 
disrupt the agroecosystem, we investigated the potential to control these flies with an 
Integrated Pest Management approach.  

Methods: Eco-friendly and novel technologies comprising of ploughing, sanitation, 
male annihilation technique (methyl eugenol based traps) and bait application technique 
(protein hydrolysate plus spinosad) were used during 2010-2012 at the University Seed 
Farm. These treatments were superimposed in a systematic manner in one acre orchard 
and each module was replicated three times. In another orchard of similar size, the 
existing recommendations by the University (PAU) were applied, whereas a third 
orchard served as untreated control.  

Results: The results revealed that the new IPM module had a significant impact in the 
reduction of fruit fly infestation on Kinnow mandarin crop. Overall results revealed that 
fruit infestation was significantly low in the IPM treated orchards (4.6%) compared to 
the PAU recommendations (34.5%) and the untreated control (50.5%). Also, the 
number of larvae per fruit were significantly lower in the IPM treated orchards (9.2 per 
fruit) compared to the PAU (17.1) and the control orchards (26.2). The males captured 
per trap in the IPM orchard varied from 161.00 early in the season to 3364.30 later at 
the onset of winter. The fruit yield was also significantly higher in the IPM orchard 
compared to the two other orchards. Likewise, the net income/acre was higher in the 
IPM orchard. The cost-benefit analysis showed about two times benefit in adopting IPM 
over following the recommendations by PAU. 
Conclusions: The results clearly revealed that IPM significantly reduced the infestation 
of fruit flies in Kinnow mandarin. This means that IPM could help Kinnow growers of 
Punjab increase the yield of quality marketable fruits by reducing the fruit fly 
infestation and dependence on insecticides. 

Keywords: Integrated Pest Management, fruit flies, Kinnow mandarin 
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Long Term Monitoring of Temporal Abundance Patterns of Bactrocera 
invadens (Drew Tsuruta & White) in Eastern Central Tanzania 

Maulid Mwatawala1, Massimiliano Virgilio2, Antonio Pompeiano3                            
and Marc De Meyer2 

1Department of Crop Science and Production, Sokoine University of Agriculture, Box 3005, Chuo kikuu, 
Morogoro, Tanzania. E-mail: mwatawala@yahoo.com; 2Royal Museum for Central Africa, Tervuren, 
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Background: The invasive Bactrocera invadens is a strong competitor that has been 
reported to have traits of r-strategists, including heavy population fluctuations over time 
and space. Most studies were based on short term monitoring, and such observations 
could have occurred by chance. Here we present the results of a long term monitoring 
program that quantified the abundance of B. invadens in Tanzania and its relationship 
with metereological conditions.  

Methods: Abundance patterns of B. invadens were monitored from October 2004 to 
February 2013 in Morogoro Region, Eastern Central Tanzania. Abundances were 
monitored using modified McPhail traps that were hung on trees in the three sub-
orchards of the Sokoine University of Agriculture. Two sets of the traps (one baited 
with protein bait and another with methyl eugenol) were placed on each of mango and 
citrus sub-orchards and one set of traps in the guava sub-orchard. A total of five 
replicates were maintained with data collected weekly and abundance of B. invadens 
recorded as the number of adult flies per trap per week. 

Results: The abundance of B. inavdens varied across seasons with high abundances 
recorded during the rainy, warm periods of the year. Generally, the abundance of B. 
invadens correlated positively with rainfall, relative humidity and temperature. 
However, at higher temperatures (beyond 320C) the population of B. invadens fell 
sharply to near zero. In contrast, the population of B. invadens seems to stabilise at 
relative humidity of 75%. Furthermore, the correlation of B. invadens abundance with 
rainfall was positive throughout the studied rainfall range. 
Conclusions: The population of abundance of B. invadens increases with rainfall, 
temperature and relative humidity, which corresponds to the periods when major fruit 
hosts are available. Management programs should thus be initiated at the start of such 
periods to avoid subsequent crop losses. 

Keywords: Abundance, monitoring, Bactrocera invadens, Tanzania 
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Lure and Kill for Management of Ceratitis capitata 
in Pome and Stone Fruit 

Sonya Broughton and Touhidur Rahman 
Department of Agriculture and Food Western Australia, 3 Baron- Hay Court, South Perth Western 
Australia 6151. E-mail: sonya.broughton@agric.wa.gov.au 

Background: Two key pesticides, fenthion and dimethoate, are being removed from use 
due to human health and environmental concerns. These two organophosphates have 
been applied as cover sprays since the 1960s to control Ceratitis capitata (medfly) in 
Western Australia, particularly to pome and stone fruit. Lure and kill devices have 
been used in Europe, mainly for control of Medfly in citrus. We trialled 
MagnetMED, a commercially available device from Spain, to determine if it was  
effective  as a 'stand alone' control method, or was more effective when used in 
conjunction with other techniques such as bait spraying in pome and stone fruit. 

Methods: Trials were carried out under a range of different Medfly pressures and 
climatic conditions in five locations within Western Australia from 2011/12 to 2013/14. 
Orchards were divided into a control and experimental area of equal sizes of at least 1-
2 ha. MagnetMED devices were installed at the recommended rate of 80/Ha. 4) Male 
and female targeted traps were used to monitor the Medfly population and were 
checked each week. Fruits were examined for Medfly damage at harvest.  
Results: MagnetMED was effective at suppressing Medfly populat ions in pome and 
stone fruit, but appeared to be more effective in pome fruit. Fruit infestation by 
Medfly varied, with a higher rate of infestation in stone fruits.  

Conclusions: 1) MagnetMED is a useful addition to the grower ' tool box'. 2) Efficacy 
was improved when used in conjunction with other control techniques. 

Keywords: lure and kill, medfly, Ceratitis capitata 
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Role of Guava Volatiles on Anastrepha fraterculus (Wiedemann) Male 
Sexual Display and Pheromone Release 
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Experimental Agroindustrial Obispo Colombres, San Miguel de Tucumán, Argentina; 6Estación 
Experimental Agroindustrial Delta, Instituto Nacional de Tecnología Agropecuaria (INTA), Argentina. 

Background:  Exposure of tephritid males to certain fruit volatiles has been shown to 
increase their mating success. However, the mechanism associated with this 
phenomenon is unknown. Here, we evaluated the hypothesis that this effect is mediated 
by an increase in pheromone emission and/or a change in sexual displays. 

Methods:  A. fraterculus males pre-exposed to guava fruit volatile were individually 
offered to virgin females together with males not exposed to fruit volitile. Under such 
conditions, females chose one partner and males were assigned into one of four possible 
categories: according to treatment (guava exposed or not exposed) and mating success 
(successful or unsuccessful). On the following day, volatiles emitted by each male type 
in groups of ten individuals were collected and behavioral parameters of their sexual 
display recorded. Male volatiles were adsorbed onto SuperQ filters and desorbed with 
dichloromethane to be analyzed by gas chromatography. Pheromonal compounds were 
identified from standards. 

Results:  Pre-exposure to guava volatiles significantly increased the probability of male 
mating success (Chi2 test: p < 0.05). Successful males performed a more intense sexual 
display (and released more pheromone) than unsuccessful ones (ANOVA: p<0.05). 
Intensity of the sexual display decreased through time consistent with the amount of 
released pheromone. 
Conclusions:  Improved mating success of males pre-exposed to guava volatile appears 
to be mediated by an increase in the proportion of males able to perform sexual displays 
and release pheromone to levels that conferred a greater acceptance by females. Further 
studies should look into differences in short distance cues such as the cuticular 
composition of males after exposure. 

Keywords:  male sexual competitiveness, semiochemicals, sexual selection, Tephritidae 

mailto:dsegura@cnia.inta.gov.ar


12-16 May 2014, Bangkok, Thailand | 201 

Spatial Distribution of two Ceratitis rosa (Diptera, Tephritidae) 
Morphotypes along an Altitudinal Transect 

in Eastern Central Tanzania 
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Morogoro,  Tanzania. E-mail:  mwatawala@yahoo.com; 2Royal Museum for Central Africa, Tervuren, 
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Background:  Two morphotypes of C. rosa, R1 and R2, are known to occur 
sympatrically in eastern central Tanzania. The spatial distribution seems to be related to 
climatic conditions, with R1 ("hot" type) and R2 ("cold" type) found in areas with 
higher and lower temperatures, respectively. This study aims at describing the patterns 
of distribution of the two morphotypes in the Morogoro region (Tanzania) and at 
evaluating their distributional overlap.  

Methods:  Abundances of the two C. rosa morphotypes were quantified along an 
altitudinal transect (altitudinal range 500-1650 m asl) in the Uluguru mountains 
(Morogoro Region, Tanzania). Modified McPhail traps baited with one of three types of 
attractants (trimedlure, terpinyl acetate and Enriched Ginger Oil) were placed for six 
weeks (from April to June 2013) in 10 trapping stations set along the transect. Three 
replicates of each attractant were set at each station. A given replicate (three traps- one 
each with the different lure types) was placed on one tree, which were mostly mango 
but also plum and peach at higher altitude points. Traps were emptied every two weeks 
and the attractants changed after four weeks. At each site, a datalogger was used to 
record temperature and relative humidity. Relative abundances of the two C. rosa 
morphotypes were recorded as number of adult flies per trap per week.  

Results:  The two morphotypes were both recorded along the transect. Morphotype R1 
was recorded up to an altitude of 843 m asl, while morphotype R2 was recorded 
throughout the transect up to an altitude of 1650 m asl.  
Conclusions:  Morphotype R2 had a wider distribution along the altitudinal transect. 
The different patterns of distribution of "hot" and "cold" morphotypes might suggest the 
occurrence of different thermal tolerances and the possile need for different 
management options for each morphotype. 

Keywords:  Spatial, distribution, altitude, Ceratitis rosa. 
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Background: Despite the economic losses fruit flies inflict on domestic food security 
and export earnings of various countries worldwide, there has been no assessment of the 
fruit fly infestation and associated impact on the mango sub-sector and required control 
in Uganda. Therefore, the present study was conducted to generate a baseline 
assessment of the levels of fruit fly infestation in mango and potential hosts in the 
country so as to better guide control measures.  

Methods: Rapid rural appraisal surveys were conducted in 46 districts in the 11 Agro-
ecological zones of Uganda. Prevalence of Bactorcera invadens was determined using 
traps containing methyl eugenol. Over two thousand fruits of mango and eight other 
fruit types were field collected from the different agro-ecological zones. The number 
and species of fruit flies infesting the fruits were determined by incubating the fruit at 
room temperature and recording the pupae and flies that emerged. 

Results: Bactrocera invadens was the most prevalent fruit fly species detected and 
occurred across all sites in the altitude range of 611-1628 m asl. On average, 73% of the 
mango fruit samples were found infested with fruit fly larvae. Both local and exotic 
mangos were infested, although variation in infestation levels was observed in different 
varieties. Fruit samples from West Nile Farmlands had the highest infestation of 83%, 
followed by Northern Moist, Lake Victoria Crescent and Western Medium High 
Farmland with 78%, 75% and 73% recorded infestation, respectively. The North 
Western Farmland wooded savanna registered the lowest positive infestation of 33%. 
Four fruit fly species were recovered from various fruits: Bactrocera invadens, Ceratitis 
cosyra, Ceratitis rosa and Ceratitis capitata. Bactrocera invadens was the most 
prevalent species (98%), followed by C.cosyra (2.8%), C.rosa (0.01%) and C.capitata 
(0.001%).   

Conclusion: There is a need to develop control measures for all mango growing agro-
ecological zones in Uganda since the results show that there is no fruit fly free zone. 
Alternative hosts should be considered while developing control measures for mango 
fruit flies. The results demonstrate displacement of indigenous fruit fly species by the 
exotic B. invadens. 

Keywords: Bactrocera invadens, Mango fruit fly  
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Background:  The spotted-wing drosophila, Drosophila suzukii, is an Asian pest of fruit 
crops that has recently appeared in Europe (2008). Here, we investigate the 
effectiveness of European parasitoids of Drosophila in parasitizing D. suzukii. 
Methods:  Under laboratory conditions, we tested the ability of two pupal parasitoids 
(Trichopria cf drosophilae and Pachycrepoideus vindemmiae) and three larval 
parasitoids (Asobara tabida, Leptopilina heterotoma, Leptopilina boulardi) to develop 
on D. suzukii. We also investigated the immune resistance of Drosophila larvae by 
considering the hemocyte load when parasitized by L. heterotoma (the most virulent 
among the larval parasitoids). Moreover, one pupal parasitoid, T. drosophilae, was 
tested in three experimental insect-proof glasshouses with strawberry crops that were 
artificially infested with D. suzukii and had optimal conditions for the establishment of 
the pest and its parasitoid. Two kinds of release were compared: introduction of adults 
in one point in the compartment or by an “augmentation” technique using a cage in 
which parasitoids could develop with D. suzukii infested fruits and actively disperse into 
the crop through netting on the cage. 
Results:  Out of the five main European parasitoid species, only the two pupal 
parasitoids with wide host ranges significantly developed on D. suzukii. The three larval 
parasitoids were largely unable to develop, presumably because of a strong immune 
response. Indeed, we showed that resistance of D. suzuzkii to L. heterotoma French 
strain was related to its hemocyte load, with numbers of circulating hemocytes in D. 
suzukii larvae being the highest ever recorded in the melanogaster group. T. drosophilae 
was able to find D. suzukii pupa in the crop and parasitized them with promising results. 
It seemed to be able to limit the D. suzukii population in our experimental conditions. 
Conclusions:  It is considered that the high immune-resistance of Drosophila suzukii 
larvae represents a major obstacle to their regulation by European larval parasitoids. 
The pupal parasitoid Trichopria cf drosophilae showed promise in crop conditions. 

Keywords:  Drosophila suzukii; Parasitoids; Immune resistance, Biological control 
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Background: During the past decade, Cuba has opened their fruit market to international 
export. However, the presence of several tephritid species required special surveillance 
methods to determine the pest-free zone or at least to determine the exact species 
inhabiting the island and the economical repercussion that could affect the export 
market. Our previous studies of surveillance, monitoring and training methods set up 
the protocols for an area-wide fruit fly management program irrespective of the fruit 
species. The valuable results obtained boosted the opening of Cuban fruticulture. 
However, due to the climatic conditions and the presence of quarantine important 
Anastrepha species in the country, it was advisable to design and apply an easy and 
economically balanced fruit fly management strategy to detect new species and new 
hosts.   
Methods: Several commodities were sampled including non-host fruits. A thorough 
surveillance of citrus was also included. Collected infested fruits were brought to the 
laboratory to allow larvae to develop and emerging adults to be identified to species 
level. Monitoring traps were also used in citrus plots to confirm the Anastrepha 
suspensa-free status of this commodity.   

Results: Monitoring traps confirmed the presence of five different Anastrepha species in 
Cuba: A. suspensa, A. obliqua, A. ocresia, A. insulae and A. interrupta. Moreover, two 
new species were also found- A. soroana and an unidentified one not matching any 
described species, A. sp. Peak fruit fly populations were found to be correlated with the 
ripening season of stone fruits and other non-citrus fruits. Following the surveillance of 
tephritid larvae infested fruits, five new host species were recorded for Anastrepha 
suspensa: sapodilla (or níspero in Cuban; Manilkara zapotilla (Jacq.) Gilly), rose apple 
(or pomarrosa; Syzygium jambos L.), cocoplum (or icaco; Chrysobalanus icaco Lin.), 
custard apple (or mamón; Anona reticulata L.), and gac fruit (or cundeamor; 
Momordica cochinchinensis Spreng.). Two new hosts were also found for Anastrepha 
obliqua: the cocoplum (or paradise plum; Chrysobalanus icaco) and yellow mombin or 
hog plum (jobo fruit in Cuba; Spondias monbin L.). Citrus surveillance clearly showed 
that no tephritid fruit flies were found in any Citrus species on Cuba.  
Conclusions: The absence of fruit flies in citrus commodities revealed the success of the 
implemented management program, which included surveillance, monitoring and 
personnel training. The success of the citrus program highlights the value of 
implementing similar area-wide fruit fly management programs for the remaining fruit 
species in Cuba.    

Keywords:  Anastrepha suspensa, Anastrepha spp., monitoring, host status.  
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Background:  The Mediterranean fruit fly (medfly), Ceratitis capitata, is considered one 
of the most important economic pests worldwide. In fact, 19 million hectares of fruit 
trees are attacked, including 7 million hectares of citrus trees all over the world. Medfly 
was introduced into Iraq in late 2006 and quickly infested all citrus, pomegranate and 
stone fruit orchards in the central region of the country. This rapid pest invasion has 
been due to the weak phytosanitary measures present at the borders of the country, 
which allowed the introduction of Medfly infested fruits, especially citrus from Turkey, 
Jordan, Syria, Egypt, Lebanon and Iran. A national control program for this pest was 
started in 2009, based on using traps for monitoring pest populations and applications of 
bait sprays. 

Methods:  A field experiment was conducted using the Ceranock bait station, “attract 
and kill” system to combat medfly in apricot orchards in central Iraq during the 2013 
field season. The experiment was implemented in three orchards of mixed apricot 
varieties. Ceranock traps were hung in each tree of two separate orchards, while the 
third orchard served as a control. Delta and McPhail traps were used to monitor Medfly 
population density in each of the treated and control orchards. 

Results:  Results indicated that Medfly activity in apricot orchards started during the last 
week of April, which coincided with the beginning of maturity for fruits of early 
varieties. The total number of trapped insects in monitoring traps after one week of 
Ceranock application was zero, 1 and 31 adults for the 1st, 2nd and the control orchards, 
respectively.  Three weeks later the number of trapped adults started to increase 
dramatically. At the end of the apricot season and after 45 days of Ceranock trap 
application, the number of trapped insects in monitoring traps reached 110, 111 and 
2349 adults/week respectively, for the 1st, 2nd and 3rd orchard. The use of Ceranock 
traps reduced Medfly population density by 86-97%. The percentage of fruit injury in 
early maturing varieties was 0.75%, 1%, and 34% for the 1st, 2nd and control orchards, 
respectively. For late maturing varieties, percent fruit damage was 2% and 3% for 1st 
and 2nd treated orchards, and 69% for the control, which corresponded to a reduction in 
fruit damage of 95% and 97%, respectively, in the 1st and 2nd orchards. 

Conclusions:  The results of this study demonstrate clearly the efficacy of the Ceranock 
bait station, “attract and kill” system as a control measure for Medfly in apricot 
orchards.  

Keywords:  Mediterranean fruit fly, Ceratitis capitata, Ceranock traps, Apricot, Iraq 
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Background:  The concept of bait stations (BS) for control of economically-important 
fruit flies has received substantial attention in recent years. Desirable characteristics 
of BS include: 1) Ability to target and suppress female populations, 2) low cost 
attractant, killing agent and device, 3) attracted flies should not be trapped and 
retained, 4) long lasting attractant effects of the bait and long residual toxicity of the 
insecticide, resulting in reduced labor needed for servicing or replacing, 5) ease of 
use, disposable and/or biodegradable, and 6) highly selective i.e., no negative non-
target effects. An additional characteristic of a BS is the presence of visual cues that 
are known to synergistically enhance the response of fruit flies to odor sources. BS 
are referred to as lure and kill, attract and kill, male annihilation, bait sprays, and 
attracticide/attracticidal. BS have been defined as “discrete containers of attractants 
and toxins, which are targeted at specific pests”. 

Methods:  BS are utilized for: 1) Fruit fly control in commercial fruit orchards and 2) 
Fruit fly control as part of an area-wide IPM program in commercial fruit orchards 
and marginal host areas. Required BS density will depend on host availability and 
desired level of crop protection. The highest density is applied in the case of 
commercial orchards commonly ranging between 50 to 400 BS per hectare. In the case 
of area-wide action programs, BS are used at a mucho lower density (5 to 50 BS/Ha). 
The lower density is related to the availability of fruit hosts in marginal areas, which are 
normally scattered and scarce compared to the commercial orchards. BS are placed in 
localized fruit fly hot spots in backyard fruit crops, wild hosts in marginal areas and 
sites where fruits are congregated for processing. In commercial fruit orchards, BS are 
placed in a uniform pattern, whereas in the case of marginal areas the layout follows 
host spatial distribution. Bait stations are used as a curative and as a preventive control 
method.         
Results:  The effectiveness of BS for fruit fly control has been widely demonstrated 
both for fruit fly control in commercial orchards and for population control in marginal areas 
that are part of area-wide action programs. Rain proof BS offer a comparative advantage 
against conventional bait sprays during the rainy season, especially in tropical and 
subtropical climates. Cost-effectiveness of BS compared to other control methods will 
greatly depend on the lifespan of BS in the field. Ideally BS should last throughout the 
fruiting season of the crops.         

Conclusions:  BS can be used in commercial fruit orchards and marginal host areas as an 
important component of area-wide IPM action programs that utilize the Sterile Insect 
Technique (SIT) and biological control.  

Keywords:  Bait stations, fruit flies, IPM tools 
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Background:  The invasive fruit fly Bactrocera invadens was first detected in 
Mozambique in 2007 (Cuamba District, Niassa Province) and is now well established 
and widespread in the north and central regions. Direct damage to mango and guava due 
to B. invadens has been reported to range from 56.5% to 92.5% in the Northern 
Province of Cabo Delgado. In addition to the direct losses, indirect losses due to 
quarantine restrictions have been enormous since the occurrence of B. invadens has led 
to the suspension of fruit and vegetable exports to the country’s major trading partners. 
To overcome the impact of B. invadens in Mozambique, the use of integrated fruit fly 
management strategies for fruit fly population suppression have been applied by 
farmers, combining GF-120 bait spray, HymLure (food attractants combined with 
Malathion insecticide), male annihilation and orchard sanitation.  
Methods:  The efficacy of IPM measures was assessed by comparing B. invadens 
population levels in IPM treated farms and non-IPM treated farms (control plots). Adult 
B. invadens population size was monitored on a monthly basis using ME baited traps. 

Results:  During the 2012/2013 season, IPM treated farms had a mean trap capture of 
5.7 flies per trap per day. This was much lower than the mean of 149.3 flies captured 
per trap per day in the control farms (with no IPM strategies applied) and corresponded 
to a 92.6% population reduction on the IPM treated farms. 

Conclusions:  These results suggest that B. invadens populations can effectively be 
suppressed through a combination of management measures in an orchard and this 
combination of IPM strategies could be exploited for large scale application in the 
country. 

Keywords:  Fruit flies, Bactrocera invadens, IPM, control 
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Effects of Metarhizium anisopliae, Petroleum Oil and Thiam Seed 
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Background: Bacterocera cucurbitae is an important insect pest of many cucurbitaceous 
crops. Biological control with bio-pesticide products e.g. Metarhizium anisopliae, 
petroleum oil, thiam (Azadirachta excelsa [Jack] Jacobs) seed oil and crude extracts 
have shown strong potential to control this insect pests, however their combined 
application have rarely been investigated.  
Methods: The effects of single and combination applications of M. anisopliae, 
petroleum oil, thiam seed oil and crude extracts on egg laying and development of 
immature stages of B. cucurbitae on angled luffa (Luffa acutangula) were compared 
with water and an insecticide, malathion. Trials were conducted under laboratory and 
green house conditions. 

Results: In the laboratory, single and combination applications of all products 
(excluding M. anisopliae) showed a decrease in the percentage of B. cucurbitae eggs 
oviposited (0.54-0.87%) compared with water (14.85 ± 0.78%). The application of M. 
anisopliae only had a poor effect on oviposition (11.05 ± 0.36%). Percentage pupation 
of B. cucurbitae was the lowest (0.05 ± 0.10%) and the highest (12.29 ± 1.06%) for 
malathion and the control respectively, while single and combination applications of all 
products ranged from 2.70-12.14%. Interestingly, single application of M. anisopliae 
had the highest percentage of dead pupae (20.06 ± 3.60%) compared with the control 
(0.77 ± 0.78%). For adult emergence, single and combination applications of all 
products with M. anisopliae showed a low relative percentage of adult emergence (2.87 
– 6.36%), but gave a significant difference from water (13.59 ± 1.20%). In green house 
test, the application of M. anisopliae + petroleum oil showed low survival percentages 
of larvae (8.93 ± 1.66%), pupae (8.92 ± 1.39%) and adults (9.39 ± 1.10%) when 
compared with all other treatments except malathion gave similar percentage of larvae 
(8.18 ± 1.03%), pupae (8.31 ± 1.06%) and adults (8.33 ± 0.86%). Treatments did not 
influence the sex ratio of emerging B. cucurbitae.  

Conclusions: Petroleum oil, thiam seed oil and crude extracts may prevent oviposition 
by B. cucurbitae however, single application and combinations of M. anisopliae may 
affect development of the larval and pupal stage of the flies.  

Keywords: Metarhizium anisopliae, petroleum oil, thiam seed oil extracts, thiam crude extracts, 
Bactrocera cucurbitae
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Background: Augmentative biological control of tephritid fruit flies would benefit from: 
1) synthetic attractants to monitor the survival and dispersal of released parasitoids and 
2) synthetic oviposition stimulants to improve the economic production of parasitoid 
species that are currently prohibitively costly to mass-rear. Utetes anastrephae is a 
wide-spread and sometimes common opiine braconid parasitoid of several pest 
Anastrepha spp. Despite its range and abundance it has attracted relatively little 
research and nothing is known of its chemical ecology. Its orientation towards two 
chemical cues is hypothesized to be useful at two spatial scales: 1) limonene derived 
from fruit is presumably abundant and widely dispersed and might identify from a 
distance patches of potentially host-containing fruit; and 2) para-ethylacetophenone 
(PEA) a volatile emitted by tephritid larvae, presumably in relatively small  amounts, 
and which could serve as a short-range cue or oviposition stimulant. 

Methods: A Y-tube olfactometer bioassay was used to determine the response of U. 
anastrephae to several concentrations of limonene and PEA volatiles. To evaluate the 
oviposition responses, U. anastrephae and Diachasmimorpha longicaudata (positive 
control; known to respond to PEA) females were presented oviposition devices 
containing third instar A. suspensa larvae in an artificial diet, treated with either fruit, 
PEA, limonene or ethanol. Controls were provided in both set of experiments. 

Results: Various concentrations of limonene proved attractive to both females and 
males, perhaps to later as a means of locating accumulated females. Unexpectedly, 
single concentrations of PEA were also attractive to males and females. PEA at the 
concentrations tested did not influence oviposition in U. anastrephae, although it did so 
for D. longicaudata. Limonene had no effect on oviposition in either species. 
Conclusions: Different interspecific responses may be related to differences in foraging 
behavior. These results advance efforts to synthesize attractants and oviposition 
stimulants for alternative candidates for augmentation such as U. anastrephae. 

Keywords: Diachasmimorpha, para-ethylacetophenone, limonene, running head: oviposition stimulants. 
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Background: Fruit flies are the key pests of Darjeeling mandarin (Citrus raticulata 
Blanco.), one of the most important cash crops in west Bengal, India. The predominant 
species infesting mandarinis is Bactrocera minax (Enderlein). Infestation by this fruit 
fly species has resulted in a yield loss ranging from 46 to 57%. The efficacy of the 
entomopathogenic nematode, Heterorhabditis indica against third instar larvae of B. 
minax was assessed.  

Methods: Ththird instar B. minax larvae were exposed to infective juveniles (IJs) of H. 
indica in sandy loam, loamy and brown forest soil (sourced under a mandarin orchard) 
at a range of moisture levels. Trials were conducted under laboratory conditions at room 
temperature and 60-65% relative humidity (RH).  
Results & Conclusions: Soil type and texture significantly affected the nfectivity of 
entomopathogenic nematodes against B. minax. Sandy loam soil had the highest rate of 
larval mortality (66.75%) and the lowest adult emergence (3.08%). The lowest median 
lethal dose (LC50) was found in sandy loam soil at 10% moisture level. 

Keywords:  Bactrocera  minax,  mortality,  suppression,  citrus,  EPN,  Heterorhabditis indica. 
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Parasitism Activity of Diachasmimorpha longicaudata (Ashmead) 
(Hymenoptera: Braconidae) and Aganaspis daci (Weld) (Hymenoptera: 
Figitidae) against Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) 

under Mediterranean Climatic Conditions 
Ahlem Harbi1,2, Luis de Pedro1,3, Fernando Ferrara1,4, José Tormos3,                   

Francisco Beitia1 and Beatriz Sabater-Muñoz1,5 
1Instituto Valenciano de Investigaciones Agrarias (IVIA), Centro de Protección Vegetal, Entomology, 
Valencia, Spain; 2Institut Supérieure Agronomique de Chott-Mériem, Université de Sousse, Chott-
Mériem.Tunisia; 3Universidad de Salamanca, Fac. Biología, Dpto.Biología animal, parasitología, 
edafología y química agrícola, Salamanca, Spain; 4Instituto Federal Fluminense, Campus Bom Jesus do 
Itabapoana, Brasil (bolsista CNPq); 5University of Dublin, Trinity College, Smurfit institute of Genetics, 
Dublin 2, Dublin, Ireland.E-mail: b.sabater.munyoz@gmail.com 

Background: Ceratitis capitata (Wied.), the Mediterranean fruit fly, is one of the key 
pest species affecting citrus production in the Mediterranean coast of Spain, Morocco 
and Tunisia. During the past decade the IVIA (Valencia’s Institute for Agricultural 
Research) has imported several parasitoid species to enhance a Biological Control (BC) 
program against this pest. Soon after the introduction of Diachasmimorpha 
longicaudata (Ashmead) in 2009, a native parasitoid, the figitid Aganaspis daci (Weld), 
was identified. This work will contribute to highlight the importance of the two species 
within the BC program against C. capitata in the study areas.  

Methods: To determine the influence of climatic factors on parasitism rate and 
immature parasitoid development, artificially infested individual whole apples (with 30 
L2/L3 Medfly larvae per apple) were each exposed to five parasitoid couples for one 
week under natural conditions. Forty cages (twenty for each parasitism rate and 
immature development) of each parasitoid species were tested weekly over 10 weeks 
across one year.  

Results: Under Mediterranean climatic conditions, D. longicaudata exerted a high 
parasitism rate compared with A. daci. Extreme winter and summer temperatures seem 
to affect the immature development of both species. A higher immature mortality was 
observed for A. daci throughout the year, compared with D. longicaudata. Adult 
parasitoid species were capable of parasitizing C. capitata L2/L3 larvae at the extreme 
temperatures tested.  

Conclusions: This study suggests that A. daci does not perform as well as D. 
longicaudata against C. capitata under Meditteranean climatic conditions. Further 
studies are required to determine the influence of other climatic factors and whether the 
two parasitoid species act in synergism.  

Keywords: parasitism rate, infested fruits, field conditions.  
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Vertical and Horizontal Transmission of Beauveria bassiana under 
Field Conditions for Ceratitis capitata Control 
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1El Colegio de la Frontera Sur (ECOSUR). Tapachula, Chiapas, 30700 México. E-mail: 
jtoledo@ecosur.mx; 2Programa Moscafrut SAGARPA-IICA, Metapa, Chiapas, México; 3Codirección 
México, Programa Regional Moscamed México-Guatemala-Estados Unidos-Belice. 

Background: Action programmes for the control of fruit fly pests use an Area-Wide 
Integrated Pest Management (AW-IPM) Sterile Insect Technique (SIT) approach. A 
novel control tool recently proposed uses sterile flies as vectors of entomopathogenic 
fungal conidia of Beauveria bassiana, Bals, and Metarhizium anisopliae, Metsch. The 
objectives were: (1) to determine the vertical and horizontal transmission of B. bassiana 
(Bb) conidia to wild populations of Ceratitis capitata, Wied., under field conditions, 
using sterile males as vectors and autoinoculators devices, (2) to assess the effect of B. 
bassiana on the coffee berry borer, Hypothenemus hampei, Ferrari; honey bees, Apis 
mellifera, L., and their parasitic mite Varroa destructor, Oudeman. 
Methods: To assess the vertical transmission (parent to offspring) of Bb to F1 of C. 
capitata, the treatment were: a) control (female and male fertile), b) 3:1 sterile: fertile 
male, c) 3:1 inoculated sterile: fertile males, d) 10:1 sterile: fertile male, e) 10:1 
inoculated sterile: fertile males. In all treatments guava fruits (Psidium guajava L.) were 
used for oviposition of females in field cages. To determine horizontal transmission 
(among individuals) under field conditions, Bb inoculated sterile males of C. capitata, 
distributed via aerial and ground release methods, were evaluated for their ability to 
transmit conidia to wild C. capitata populations across coffee plantations in Guatemala. 
In addition, two types of autoinoculation devices (rectangular panel and cylindrical 
container) baited with trimedlure were evaluated. The impact was determined using dry 
traps baited with biolure, a female and male synthetic food attractant. To observe effect 
of Bb on non-target insects, samples of coffee berry borer, bees and varroa mites were 
collect under field condition. 

Results: In field cages, a 27% reduction in fertility of wild C. capitata was observed, 
with the infection rate of F1 generation, 10% (eggs), 2% (larvae and pupae) and 1.5% 
(adult flies). The growth rate of F1 was 3.25 for control. For inoculated sterile males, the 
growth rate was 0.72 and 0.02, while for non-inoculated sterile males the growth rate 
was 1.0 and 0.16 for 3:1 and 10:1 sterile: fertile ratios, respectively. Moreover, 
inoculated sterile males, released by air and ground were able to transmit fungal spores 
causing infection to 44% and 57.3% of wild C. capitata flies captured in traps, 
respectively. Infection rates of 44.7% and 44.3% were observed in wild C. capitata 
adults using the rectangular and cylindrical type devices, respectively. No transmission 
was observed of fungal conidia to any of the studied non-target insect species and 
varroa mite.  
Conclusions: Inoculated sterile males and autoinoculation devices are effective to 
spread B. bassiana conidia to wild populations. Entomopathogenic fungi are safe, 
environmentally friendly and viable alternative to suppress C. capitata under an AW-
IPM SIT approach. 

Keywords: Medfly, entomopathogenic fungi, sterile insect technique, biological control 
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Reproductive Status in Response to Infection by Providencia sp.  in 
Male and Female  Ceratitis capitata 
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Unité de Recherche Utilisation médicale et agricole des techniques nucléaires (UR04CNSTN01), Centre 
National des Sciences et technologies Nucléaires, Tunis 2020. E-mail: Tunisie. msaad_tn@yahoo.fr.   

Background: The Mediterannean fruit fly ‘Medfly’, Ceratitis capitata is one of the most 
important pests of fruit production worldwide.  This pest is highly polyphagous and 
infests over 300 plant species. Biological control agents can be used as a substitute to 
chemical control. Several studies have been developed to determine the different 
entomopathogens found within C. capitata, but studies of the culturable bacterial flora 
and their insecticidal effects on the pest are lacking. In this study we isolated culturable 
bacteria isolates, characterized them in detail and tested their insecticidal activity on the 
reproductive status of C. capitata.  
Methods: C. capitata were obtained from a colony of Vienna 8 GSS produced in the 
Tunisian Medfly Mass Rearing Facility. Virgin males and females were infected by 
injection and by ingestion with a bacterial culture of the gram negative bacterial 
pathogen Providencia sp. isolated from the tract of C. capitata. Mating experiments 
between infected males and females were carried out and an analysis of the AMP 
secretion was carried out after mating. 

Results: The isolation and purification of bacterial Providencia sp. was completed, with 
the identification based on an API panel test system, followed by 16 SrRNA gene 
sequencing. Insecticidal activities of the isolates estimated by adult mortality of C. 
capitata were superior using injection as the method of infection, as opposed to 
ingestion. Furthermore,an increase in the secretion of cecropine after mating was noted.  
Conclusion:This is the first study to test culturable bacteria isolates of Providencia sp. 
on C. capitata. These results offer useful information for future studies on the 
development of biocontrol agents. 

Keywords: Ceratitis capitata, Providencia, Injection, Mortality, Cecropine. 
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Searching Capacity of the Fruit Fly Parasitoid 
Diachasmimorpha longicaudata in Field Cages 

Jorge Cancino, Patricia López and Dina Orozco-Dávila 
Programa Moscafrut SAGARPA-IICA. Camino Cacahoatales S/N, CP 30860, Metapa de Domínguez, 
Chiapas, México.  jorge.cancino@iica-moscafrut.org.mx 

Background: Searching capacity of adult parasitoids is a central parameter for quality in 
mass production. The inclusion as a quality control technique has been difficult due to 
unknowing of several behavioral factors. However, searching capacity assessments can 
contribute to the establishment of an indicative for rearing procedure. In this work we 
applied a technique for obtain some results which may be useful for the quality of the 
mass-reared parasitoids Diachasmimorpha longicaudata.  

Methods: In a cylindrical field cage (2 m height x 3 m diameter), 100 randomly selected 
mated females (6 to 7 days old, fed with honey) were introduced from the colony at 
Moscafrut Plant, Mexico. Five fruits (mango or zapodilla) infested artificially with 
Anastrepha spp. larvae were hanging from little trees in the center of the cage. Female 
activity (number of females posing and ovipositing) per fruit was recorded every 15 min 
during a 2h period. The fruits were dissected to obtain adult emergence and percentage 
of parasitism. Also the oviposition activity of laboratory females with wild females was 
compared. Twenty replicates were performed. 
Results: Female activity had a direct relationship with the density of larvae per fruit. 
After 1h there was a decline in searching activity when the infestation was high (>40 
larvae/fruit), however when the infestation was low (<40 larvae/fruit), females showed 
increasing activity. There was a positive relationship among activity of parasitoid 
oviposition  and percentage  of parasitism  with the availability of larvae per fruit 
exposed.  When larval infestation was greater than 40, parasitism was constant at 80%. 
Mango had infestation levels ranging from 11-20 larvae per fruit, a mean of 6.9 ±5.3 
females posing, 1.5 ± 1.4 ovipositing and a 55.1 ± 33% level of parasitism. These values 
were lower in zapodilla where infestation ranged from 51-60 larvae per fruit, with a 
mean of 2.4 ± 1.4 females posing, 1.5 ± 2.0 ovipositing and 27.18 ± 18.0% parasitism. 
According to the results evaluated laboratory parasitoids showed no statistical 
difference in the averages obtained with wild females. 
Conclusions: This evaluation may be useful to assess the searching capacity of mass-
produced parasitoids on a periodic basis.  Such a technique could complement the 
standard quality control parameters currently used in most mass-rearing facilities 
including percentage parasitism, flight, and survival. 

Keywords: D. longicaudata, parasitoid mass rearing, quality control, biological control 
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Sex Ratio Adjustment in Diachasmimorpha Longicaudata (Ashmead) 

Clarice Alvarenga¹, John Sivinski², Vanessa Dias³ and Charles Stuhl² 
¹Universidade Estadual de Montes Claros (UNIMONTES), Depto. de Ciências Agrárias, Caixa Postal 
91, 39440-000, Janaúba, MG, Brazil. E-mail: clarice.corsato@unimontes.br; ²United States Department 
of Agriculture (USDA) Center for Medical, Agricultural and Veterinary Entomology (CMAVE), 
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Background: In biological control programs of fruit flies the frequency of females in the 
parasitoid population is important because only females are effective agents of control 
and essential for the rate of increase of a population. In mass rearing, increased female 
to male ratios decreases production costs. Understanding flexibility in offspring sex 
ratios is thus important in optimizing parasitoid production and augmentation. In theory, 
when male competition for mates is low and sib-mating likely females that produce 
more daughters and fewer sons have a reproductive advantage. However when multiple 
females share the same patch and their sons compete then a 1:1 “Fisherian” sex ratio 
becomes more adaptive. We predicted that female Diachasmimorpha longicaudata 
would adjust their offspring sex ratio according to the degree of this “Local Mate 
Competition” (=LMC). 

Methods: To determine whether female density, in a defined patch, resulted in sex ratio 
deviation, soon after adult emergence, female parasitoids were placed in plastic cages 
(16x10x10cm) containing a screened lid and cardboard walls to prevent visual 
interaction among individuals from different cages. Two densities of females were 
established per cage, either one male and an isolated female (one female) or one male 
and grouped females (two females). Anastrepha suspensa larvae were exposed to 
parasitoids daily for one hour (10 larvae per female parasitoid). Afterward, each pupa 
was carefully examined with a stereomicroscope and the numbers of oviposition scars 
recorded. A Mann-Whitney test was performed to compare the offspring sex ratios of 
solitary and paired females. A linear regression evaluate the relationship between the 
degree of superparasitism (number of oviposition scars) and sex ratio. 
Results: The proportion of males increased significantly when 2 females shared the 
same host-patch. There was a positive relationship between the number of scars and the 
proportion of daughters in the offspring of paired females. In grouped females, the 
higher the parasitism level (determined by the number of parasitism scars per pupa), the 
higher the proportion of female offspring. Further, in grouped females, offspring 
emerging from pupae with one or two scars were predominantly males. Conversely, in 
the super-parasitized pupae (with three or more scars), offspring were predominantly 
female. The progeny of solitary females were consistently biased towards females 
regardless of the level of parasitism. 

Conclusions:  Females D. longicaudata regulated the sex of their offspring by 
increasing the number of males produced in the presence of conspecifics. This is in 
agreement with the predictions of local mate competition (LMC) theory. 

Keywords: parasitoids, Anastrepha suspensa, local mate competition, sex ratio. 
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Supernumerary Larvae Elimination and Effects of Superparasitism in 
Diachasmimorpha longicaudata (Hymenoptera: Braconidae)  

Francisco Devescovi1,2, Mariana Viscarret3, Claudia Conte, 
Jorge Cladera1 and Diego Segura1,2 

1Instituto de Genética “E. A. Favret”, Instituto Nacional de Tecnología Agropecuaria (INTA Castelar), 
Buenos Aires, Argentina. E- mail: fdevescovi@cnia.inta.gov.ar; 2 Consejo Nacional de Investigaciones 
Científicas y Técnicas (CONICET), Argentina; 3 Instituto de Microbiología y Zoología Agrícola 
(IMyZA), INTA Castelar, Buenos Aires, Argentina. 

Background: The use of Diachasmimorpha longicaudata as a biological agent against 
fruit fly pests has been successfully implemented in many countries. In Argentina, it is 
experimentally and mass-reared on Ceratitis capitata. Here, we evaluated the effects of 
superparasitism (SP), a phenomenom that can negatively affect the efficiency of the 
rearing process, on the fitness of the wasps. To understand the potential costs of SP, we 
determined the time at which supernumerary larvae are eliminated at different levels of 
superparasitism (LSP). 
Methods: Supernumerary larvae elimination was tested for different LSP by recording 
the number, developmental stage and state of parasitoid larvae found in each dissected 
pupae at 72, 96 and 120 h after parasitization. In order to evaluate the effects of SP, C. 
capitata larvae were exposed to female parasitoids to obtain: 0 (control), 1 (control), 2, 
3, 5 and 10 eggs/host. For each LSP, parasitoid emergence (%), adult survival, female 
fecundity and sex ratio of offspring were evaluated.  
Results: Larvae elimination took place at first instar, progressively until 120 h after 
parasitization and was delayed at increasing LSP. At that time, only one second instar 
per host was found. No parasitoids emerged from LSP 0 and LSP 10, and the percentage 
of emergence among the remaining LSPs (1 to 5) was not statistically different. Male 
and female survival, female fecundity and sex ratio of the progeny were not affected by 
LSP.  
Conclusions: At intermediate LSP, a rapid elimination of supernumerary larvae causes a 
negligible effect on the emergent adult parasitoid. This evidence could indicate that host 
discrimination ability has lower adaptive value than originally considered, at least at the 
most common LSP found in nature (< 5 larvae/host). 

Keywords: superparasitism, Diachasmimorpha longicaudata, larvae competition, effects of 
superparasitism. 
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Potential of the Parasitoid Aganaspis daci (Hymenoptera: Eucoilidae) 
for Biological Control of Bactrocera zonata 

(Diptera: Tephritidae) in Egypt 
Ahmed El-Heneidy1, Marwa Hosny1 and Mohsen Ramadan2 

1Department of Biological Control, Plant Protection Research Institute,  Agriculture Research Centre, 
Giza, P. O. Box 915, 11728, Maadi, Cairo, Egypt. E-mail: aheneidy@link.net; 2State of Hawaii 
Department of Agriculture, Division of Plant Industry, Plant Pest Control Branch, Honolulu, Hawaii, 
USA. 

Background: The peach fruit fly, Bactrocera zonata (Saunders) (Diptera: Tephritidae), 
is a serious insect pest attacking tropical and subtropical fruits throughout it range. In 
Egypt, the pest was first detected in 1997 and has since become widespread over most 
of the Egyptian governorates causing serious damage to many fruit crops, particularly 
mangoes, guava, peaches and citrus. In 2008, the larval-pupal endo-parasitoid, 
Aganaspis daci (Weld) (Hymenoptera: Eucoilidae), a dominant natural enemy from the 
Southeast Asia, native origin of B. zonata, was introduced to Egypt via Hawaii for 
evaluation.  
Methods: The present study aimed to clarify morphological and biological 
characteristics of different stages of this parasitoid. A second aim was to determine the 
success of an inundative release of A. daci against B. zonata in the El-Arish district, 
North Sinai Governorate, during guava season in 2010, one month after release. 
Biological studies included the duration of different immature stages, fecundity, 
longevity, sex ratio of offspring, and optimal rearing using B. zonata as the host. All 
studies were carried out under the laboratory conditions of 25 ºC, 54-65% RH and 14:10 
L: D. 
Results: Total developmental period of the parasitoid was 23.3 days. Realized fecundity 
of mated females averaged 39.6 eggs/ female (range, 32-55 eggs). Sex ratio (female: 
male) was 1: 1. Longevity of fed females and males averaged 18.8 and 17.3 days, 
respectively. Post-release parasitism in the El-Arish district was 9.7%.  
Conclusion: A. daci showed relative potential against B. zonata under lab and field 
conditions. Further studies, particularly on its natural distribution and effectiveness in 
suppressing B. zonata and other tephritid fruit fly populations in Egypt are still in 
progress.  

Keywords:  Egypt, Bactrocera zonata, Aganaspis daci, morphology, biology, inundative release. 
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A Role for Pre-Release Supplementation in Sterile Insect Technique 
Programs for Bactrocera tryoni (Froggatt)? 
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Background: The sterile insect technique is used in integrated pest management 
programs against tephritid fruit fly pests, including the Queensland fruit fly, Bactrocera 
tryoni (Froggatt). Intrinsically, the mass rearing procedures required to rear the sterile flies 
often lead to a reduction in the fitness of the released males. A possible solution involves the 
pre-release supplementation of adults with yeast hydrolysate (YH) and/or methoprene. 
Several laboratory studies and more recently a field cage study has demonstrated that the 
provision of YH to males may increase copulation duration, mating probability, sperm transfer, 
and sexual inhibition in mated females, as well as hasten reproductive development and 
increase longevity. In addition, the juvenile hormone analogue methoprene has been 
shown to further promote maturation in some fly species. Here we investigated i) the 
effects of YH supplementation prior to release on longevity of B. tryoni under low and 
high environmental stress and when food becomes scarce ii) the effects of pre-release 
YH supplements on the persistence and abundance of sexually mature sterile male B. 
tryoni under field conditions and iii) the separate and combined effects of yeast 
hydrolysate and methoprene treatment on sexual maturation of sterile B. tryoni.  

Methods: Studies were carried out under several settings including laboratory cages, 
outdoor cages, field cages and field releases.  

Results: In a low-stress cage study, there was no effect of diet (sugar only, sugar plus YH, 
or sugar plus YH for 48 h and sugar only thereafter), although overall females lived longer 
than males. In a high stress cage study that compared B. tryoni fed white sugar only, brown 
sugar only, white sugar plus YH or brown sugar plus YH, mortality was lower for YH-fed 
flies than YH-deprived flies and females lived longer than males. Under a food scarcity 
scenario, male and female B. tryoni that are provided with yeast hydrolysate during the first 
two days of adult life have significantly shorter survival when subsequently deprived of 
food compared with flies that received only sucrose. In the field, 1.2 YH-supplemented 
B. tryoni were trapped for every YH-deprived fly trapped. As with prior studies, access to 
yeast hydrolysate increased maturation of both male and female B. tryoni. Maturation was 
further promoted by methoprene treatment, with similar effects evident for males and 
females and for two application methods (topical and dipping). For flies provided access 
to yeast hydrolysate supplements, methoprene treatment advanced maturation by 
approximately two days. No effects of diet or methoprene treatment were found on timing 
of copulation or copula duration. Dipping of pupae in methoprene/acetone solution did 
diminish emergence rates and flight ability indices, and increased rates of wing deformity.  

Conclusions: Under natural conditions, YH supplementation can improve the longevity 
of sterile male B. tryoni and may improve the success of the SIT for B. tryoni. It is 
recommended that sexually mature (i.e. YH supplemented) B. tryoni be released in SIT 
programs and that further investigation follow on treatment methods that maximise the 
effects of methoprene on maturation of B. tryoni.  

Keywords: Diptera, Tephritidae, longevity 
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Aerial Release, an Economic and Efficient Option 
for Sterile Insect Technique 
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Background: The aerial release of sterile insects has demonstrated in most programmes 
using the sterile insect technique (SIT), to be the best choice for large-scale projects. 
The use of the aerial release machines with chilled flies needs to apply a special method 
and devices to obtain material in optimal conditions to be loaded in single or twin 
engine aircrafts. 
Methods: A modern fly emergence and release facility and an efficient packaging 
method must use specially designed equipment for handling of the biological material. 
Efficiently controlled rooms to hold the sterile flies and achieving high emergence 
percentages and give them the best conditions and diet to achieve high performance 
once released. 
The new holding towers and its components (pad, pupae container, diet tray and rest 
surface), provide the optimal room to avoid stress and give them the best conditions as 
aeration, moisture and temperature control. Provide also enough space for exercise and 
be competitive. All this on a device that is easy to operate and enables the collection of 
large volumes of sterile flies in an efficient, fast and damage-free way. The use of 
balanced Mubarqui diet for fruit flies with the essential nutrients provides protein and 
energy needed to reach sexual maturity and competitiveness. The diet is easily 
available, avoiding phenomena of agglomeration and can be applied in a reusable 
surface. It does not require refrigeration or special preparation. The Macx System is an 
quality assurance control in all areas involved in the integrated fruit fly management 
that goes from the fruit fly production through fly emergence and release facilities until 
the release in the field. 

Results: Currently in Mexico, most SIT programs use Mubarqui method as balanced 
diet, towers with all components and the quality assurance programme (Macx system) 
and has been adopted to countries such Croatia. 
Conclusions: Using these tools, devices and equipment has improved the release of 
large volume, with better quality of insects in a more economical and feasible way. 

Keywords: airial release, SIT, fruit fly, mubarqui method, packing center, Macx system 
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Effect of Adult Food on Fecundity and Fertility of A. obliqua 
(Macquart) Diptera: Tephritidae in Mass-Rearing 

Dina Orozco-Dávila, Trinidad Artiaga, José L. Quintero and Refugio Hernández 
Programa Operativo Moscafrut. Camino a los Cacaotales S/N, Metapa de Domínguez, Chiapas C. P. 
30860. E-mail:  tartiagal@hotmail.com 

Background: Adult diet affects Anastrepha obliqua survival, pheromone production and 
mating competitiveness. Current mass-rearing methods use a 1:3 mixture of hydrolyzed 
yeast:sugar. The food is prepared as dry blocks (kekes). In each cage with about 88,000 
adult flies, 2.784 kg of food is supplied. In this study we evaluated the effect of 
modifications of the adult food on A. obliqua fecundity and fertility. 
Methods: Evaluations were performed in the release colony. Production cages with 
about 88,000 flies were used as experimental units. The following treatments were 
assessed: (1) 26.36 mg of food per fly (6.59 mg protein plus19.77 mg sugar); (2) 26.36 
mg of food powder mixed per fly (6.59 mg protein plus 19.77 mg sugar); (3) 31.6 mg 
food (7.9 mg protein plus 23.7 mg sugar) per fly (control). Eggs were collected, 
measured by volume and the numbers of eggs per milliliter were estimated. Egg hatch 
was estimated from a 300 eggs sample taken every day during the production period.  
Six generations were evaluated for each treatment. 

Results: The results indicate that egg production is directly proportional to the quantity 
of food offered per cage. Differences in mean and maximum egg hatch (fertility) were 
not significant. Field cage sexual performance tests indicated not significant difference 
between males fed with 26.36 mg and 31.6 mg of food. 

Conclusions: It is feasible to reduce the amount of adult food per fly. Egg production 
per cage is enough and the quality of the produced flies is maintained, with cost 
reduction on the mass-production. 

Keywords: mass rearing, Anastrepha obliqua, adult food. 
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Effect of Gama-Irradiation Doses on Sterility Induction in 
Anastrepha obliqua (Diptera: Tephritidae)  
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Background: The National Campaign against Fruit Flies uses the Sterile Insect 
Technique (SIT) as one of its most important tools for Anastrepha obliqua control. The 
Moscafrut facility at Metapa de Domínguez, Chiapas, produce around 65 million A. 
obliqua flies per week. Gamma irradiation at 80 Gy, is used for sterilization producing 
over 99% of sterility. Although this dose is reliable for field releases, several studies 
have indicated that this irradiation dose may affect male sexual competitiveness. We 
evaluated the effect of 60 Gy irradiation dose on the mating competitiveness and 
induced sterilization by A. obliqua sterile males under field cage and laboratory 
conditions. 
Methods: Wild and mass-reared A. obliqua adult were used. Mass rearing flies were 
obtained as pupa from Moscafrut facility. The wild flies were obtained from infested 
mango fruit (Mangifera índica), collected in the Soconusco region in Chiapas, Mexico. 
After emergence, adults were separated by sex and placed in a 30x30x30 cm wooden 
frame screen cages until sexual maturity (8-10 days of age). Adults were fed with a diet 
based on water and sugar: hydrolyzed protein (3:1).  

The evaluation was done following the biological dosimetry methods used in the 
Moscafrut facility. Sterile induction was estimated under field cage conditions 
following the Fried’s method. Percent of egg hatch was determined under competition 
and no-competition situations and induced sterility was estimated. Ten replicates were 
done using three different cohorts. 
Results: Laboratory results indicated that the 60 Gy irradiation dose produced 99.82% 
sterility in the mass reared males, which is 0.14% lower than sterility obtained at 80 Gy 
dose (99.96%). Fried indexes, showed that the greater induction of sterility was by 
males irradiated at 60 Gy (0.79), compared with 0.50 obtained from males irradiated at 
80 Gy. Sexual competitiveness values were between 0.2 and 0.4. In field cages, the 
results, with sterile males in competition with wild ones showed that the 60 Gy 
irradiation dose induced greater sterility in wild populations (77.46%) than those 
irradiated at 80 Gy (66.90%).  This result probably is related to the lower insect damage 
produced by irradiation. 

Conclusions: based on our results we recommend the sterilization of A. obliqua with 60 
Gy for use on the SIT programmes. 

Keyworks: Irradiation dose, Anastrepha obliqua, Insect Sterile Technique 
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Background: The main objective of the Sterile Insect Technique (SIT) is that the mass-
produced insects be as competitive as the wild insects in the field, in other words, that 
sterile males mate with wild females to induce sterility. Nevertheless, it has been 
demonstrated that in mass-rearing systems, sterile insects mating propensity is affected 
due to mass-rearing and sterilization processes. Since the beginning of the 
Mediterranean Fruit Fly Mass Rearing Metapa Facility in 1979, field evaluations of the 
bisexual strain and lately with tsl strain have been performed. It has been demonstrated 
that both trains are successfully competitive in comparison to the male wild flies.  
Methods: Tests were conducted in the semi-field conditions using cages 2.3 m high by 3 
m in diameter. To calculate the Relative Sterility Index (RSI) a ratio of 1:1:1 sterile 
males and wild males and females, were used for each evaluation and total mating for 
wild and sterile males was recorded. In the case of Fried index a ratio of 3:1:1, sterile 
males and wild males and wild females, was used. Fried index was determined by the 
total percentage of eggs hatch.  
Results: The RSI for both bisexual and tsl strains have been always above 0.2. In the 
case of the Fried competitiveness test there were years with less than 0.5, for the 
bisexual strain and because of that, colonies were replaced by new flies collected in the 
wildness, all of them in the coffee plantations of Guatemala, since that is the area where 
the Program was working against the Mediterranean fruit fly. The tsl strain has been 
always above 0.5 since the change of strains in the Metapa mass-rearing facility. 
Conclusions: tsl sterile male strain and bisexual have been successful because they have 
been equally competitive with wild males. The RSI and Fried competitiveness test 
obtained, indicate that the sterile males are competitive with wild males. 

Keywords: Quality control, field test, Fried test, Mediterranean fruit fly 
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Flight Ability and Survival During the Packing, Chilling and Aerial 
Releases of Sterile Medflies Ceratitis capitata 
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Background: The flight ability and survival of mass-rearing sterile insects for field 
releases are key parameters to estimate the quality of them. Fly emergence and 
release facilities of sterile insects require that both parameters could be estimated in a 
uniform and equivalent methodology in all stages performed in these facilities, which 
includes the packing, pre-chilling, post-chilling and post-release of sterile insects. 
Methods: The experiments were conducted at the fly emergence and release facility 
of s terile Ceratitis capitata Wied., located in Tapachula, Chiapas. The conditions of 
emergence rooms were 25 ± 1 °C, 65 ± 15% RH , light intensity of 1,500 lux (top of 
the tubes) and a photoperiod of 14:10 h light: dark. We evaluated a device made from a 
150x25mm Petri dish suitable for receiving a PVC tube 150 by 19 mm with three 
sections for containing water, food and 100 pupae respectively, which was  covered by 
the p etri dishie having a bore of 75 mm, covered with tulle netting. This device was 
placed inside the packaging units (PARC boxes or sieves [= level] of emergence 
towers), and were retired after each stage of the process (i.e., 1. Prior to packing, 2. 
Prior to chilling, 3. Post-chilling, and 4. Post-release). The tests were complemented 
using a 10x9cm black tube to conduct the flight bility tests.  The control treatments 
were the methodologies that are routinely applied in the fly emergence and release 
facility  to estimate the mentioned parameters. 

Results: The results showed that there were no significant differences in the flight 
ability and survival under stress (no food or water at 24 and 48 hours) data, between 
the new device and the control treatments at each stage. During the handling process, 
in the case of flight ability there were statistical differences between the different 
stages of the process, which shows a cumulative and deleterious effect of handling 
procedures to the biological material at each stage. For survival there were no 
significant differences between stages and treatments. The device tested is a prototype 
manufacturing of craft simple, practical and inexpensive materials commonly available 
in laboratories for quality control, which also allows traceability of the flight ability 
and survival in each stage of the packaging and release of flies sterile. 

Conclusions: The results suggest that this methodology can be used in the routine 
implementation of these parameters to monitor the quality of the released sterile 
insects in the field. 

Keywords: Quality of sterile flies, chilling process, emergence, flyers, Mediterranean fruit fly, Sterile 
insect Technique. 
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Effect of Gut Enrichment with Probiotics on Sexual Performance of 
Ceratitis capitata Mass-Reared Sterile Males (Vienna 8 strain)  
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Mouldi Saidi1 and Claude Chevrier2 
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Background: The Mediterranean fruit fly, Ceratitis capitata (Wiedmann) (Diptera: 
Tephritidae), is a polyphagous and cosmopolitan agricultural pest, targeted in many 
areas for control by the Sterile Insect Technique (SIT). It appears that the low 
competitiveness of sterile Mediterranean fruit fly males in the environnement may be 
related to damage midgut tissue and /or disbiotic condition of their alimentary tract. The 
aim of the current study was to investigate the effect of probiotic addition in the larvae 
diet on the mating competitiveness and quality control parameters of C. capitata males.  

Methods: the Mediterranean fruit flies used were obtained from the Vienna 8 GSS 
colony produced in the Tunisian medfly mass-rearing facility. An aliquot of the three 
bacterial species Enterobacter spp; Klebsiella pneumoniae and Citrobacter freundii was 
added to larvae diet. Sterile males were obtained by irradiating pupae at110Gy with 
aCobalt 60 source.  
Results: We found that enriching the mass-rearing larval diet with beneficial bacteria, 
typically occurring in the gut of wild flies, significantly increases the original microbial 
community in the medfly’s gut and consequently significantly improved the quality 
control parameters and sexual performances of C. capitata males at emergence. 
Conclusion: Our results after addition of probiotics to the larvae diet confirm previous 
studies after addition of probiotics to the adult diet that hypothesis that probiotic 
addition to the diet could repair the effect of irradiation on the intestinal microbiota.  

Keywords: Mediterranean fruit fly, probiotics, quality control parameters, sexual performance, irradiation. 
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History of a Thirsty fly: Selection and Tradeoffs of Desiccation 
Resistance in Anastrepha ludens (Loew) 
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Background: Relative humidity (RH) is one of the most stressful environmental factors. 
In insects, RH plays a critical role because of their small relationship in area/volume. 
Environments with low RH and scarcity of water resources generate desiccation stress 
in most insects. Insect resistance to stressful environments is especially important to 
SIT programs because a high sexual competitiveness and survival of release insects 
increase the probability of success. Therefore, improvement in fly resistance, may 
result in an increment in sterile male survival and, consequently, more fertile-sterile 
couples. In this study our objective was to develop Anastrepha ludens strains with 
tolerance to environmental desiccation conditions and to determine changes in their life 
history traits.  

Methods: We use directional natural selection to obtain several independent strains with 
enhanced resistance to desiccation conditions. We selected an inbreed flies from a small 
fraction of population that survived an exposition to desiccation.  
Results: After 10 generations, desiccation resistance (LT50) increased almost twofold in 
the selected populations. In addition to enhanced survival to stressful conditions, we 
found that flies were heavier (in terms of dry weight) and exhibited a higher amount of 
water and lipids at emergency. Others life history traits like development time of 
pupae and the beginning of fecundity seems to been slightly prolonged.  

Conclusions: Desiccation resistance can be enhanced in A. ludens populations that 
already have b e e n  colonized in mass- reared environment. While desiccation 
resistance evolves, others physiological traits and also the demographic schedule 
changes as a correlated response. Most of this covariation could improve the general 
performance in the field, with the demographic cost of lengthened life cycle in the lab. 

Keywords: Longevity, Demography, Starvation, Survival, Mexfly 
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Improvement of Anastrepha ludens (Díptera: tephritidae) 
Tapachula-7 Strain Mass Rearing (2012 to 2013) 

Dina Orozco-Dávila1, Eduardo Solís1, María Hernández1 and María Sánchez1 
Programa Operativo Moscafrut. Camino a los Cacaotales S/N, Metapa de Domínguez, Chiapas C. 
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Background: Mass rearing of the Anatrepha ludens genetic sexing strain, Tapachula-7 
was started at the Moscafrut facility in May 2012.  The initial goal was to produce 5 
million brown pupae (males) per week, but by December 2012 this had attained a 
production level of 7.5 million sterile males. Here we describe the main changes in the 
rearing process that have allowed us to reach this goal and to reduce productions costs. 
Methods: The data on production of A. ludens Tapachula-7 strain were collected on a 
weekly basis from May 2012 to December 2013 The initial base-line parameters 
were established in 2011. Data on diet consumption and the brown pupae production 
were estimated and compared. 
Results:  Comparing the production indexes several improvements have been observed. 
Larvae to pupae transformation increased from 77% to 86%. Egg hatch increased from 
67% to 72.8%. Transformation from egg to larvae was maintained at ~43%. Larvae 
yield was 3.107 larvae/gram of diet and transformation from mature larvae to pupa 
was91.47% 

Conclusion: Mass rearing of the Tapachula 7 strain has been feasible and production 
parameters have improved through these initial years. Base-line quality contro l 
parameters do not exist yet but it is expected  that during these initial years they will 
be established. However, is important to mention that the main goal is to produce a 
TSL strain of A. ludens, so further cost reductions can be expected. 

Keywords: Tapachula-7 strain, production and quality parameters, larvae-pupae transformation 
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Male Genetic Sterility for use in SIT 
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Background: Insect pests of economic importance are widely translocated through 
international trade and movement of people. Current control methods rely 
overwhelmingly on the use of chemical insecticides. SIT is an environmentally friendly, 
species-specific method of pest control. SIT relies on irradiation to sterilize the 
target pest species but this can have negative impact on the released insects. I t  a lso  
requires to be performed at a late developmental stage, limiting the options for release 
in addition to the dependence on relatively large and costly irradiators. A transgenic 
alternative to radiation-sterilisation has been suggested, termed Release of Insects 
carrying a Dominant Lethal (RIDL). Female lethal RIDL technology (fsRIDL) has 
been found to be also highly effective in separating sexes and successfully tested in 
laboratory, greenhouse and semi-field experiments. Although this strategy provides 
considerable advantages for SIT implementation, and can be used on its own, in 
some  specific  circumstances irradiation might still be the preferred method of 
sterilisation, for example if bisex embryonic lethality is required. While fsRIDL 
strains can be irradiated, we are also developing a genetic system that reproduces the 
attractive features of radiation-sterilisation while avoiding damage to somatic cells. 
Method: We have taken a synthetic biology approach to developing and testing a 
genetic system for conditional male sterility. The system also labels these sperm with a 
fluorescent marker protein to facilitate identification. We successfully tested this 
system in two different fruit fly species; Ceratitis capitata and Bactrocera oleae. 

Results: We report here the development of a suitable system that provides genetic 
sterilisation in the sense that expression of the system in the male germline produces 
sperm that are not capable of forming a viable zygote. We also demonstrate that this 
system cleverly replicates the effects of irradiation in current SIT methods; it allows for 
the production of male sterile insects without killing the sperm or preventing its 
production so that it is capable of inducing refractoriness to remating in females. Male 
genetic sterility is linked to the “tet-off” system for conditional expression. Presence of 
tetracycline or analogues to the larval medium represses the sterility system, 
allowing simple mass-rearing of the strain. Combining our lead fsRIDL Medfly strain 
OX3864A with a male-sterile  insertion provides effective separation of the sexes 
while males remain unable to give a viable zygote, but still capable of entering the egg 
in such a way as to exclude other sperm. 

Conclusions: The objective of this work is to produce sperm that are transferred to the 
female and will lead to none of the embryos surviving. To our knowledge this is the first 
engineered system for SIT male genetic sterility in the same sense (paternal-effect 
lethality) as radiation-sterilisation.  

Keywords: Ceratitis capitata, Bactrocera oleae, Sterile Insect Technique, RIDL, Male Sterility, Pest 
Control
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Manipulating the Gut Microbiota of the Mediterranean Fruit Fly, 
Ceratitis capitata (Diptera: Tephritidae): 
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Background: The Mediterranean fruit fly is a pest of major economic importance 
worldwide. Moreover, it represents a model species in the Tephritidae family of 
agricultural pests for developing Genetic Sexing Strains (GSSs) and their application in 
programs incorporating the Sterile Insect Technique (SIT). In the last few years, a 
number of studies have focused on the characterization of the gut symbionts of the 
Mediterranean fruit fly, presenting evidence for their significance on host’s biology and 
fitness. In the present study we isolated gut bacterial species from the Vienna 8 GSS 
and assessed their impact on host life history traits. 

Methods: Culture dependent methods and different growth media were used to isolate 
gut bacterial species from larvae and adults of the Vienna 8 GSS. Taxa identification 
was performed with 16S rRNA gene sequencing. Selected bacterial strains were used to 
evaluate their impact on the Vienna-8 strain fitness following standard Quality Control 
(QC) tests.  
Results: A limited number of gut-associated bacterial species were isolated from the 
Vienna-8 GSS. Preliminary results of the QC tests clearly confirm the importance of 
this community to the host’s fitness. 

Conclusions: The manipulation of the gut-associated microbiota can be very important, 
leading to laboratory mass reared strains with better performance, thus increasing SIT 
efficiency. Additional experimental work is required in order to evaluate the role of the 
different bacterial species and their impact during Mediterranean fruit fly development. 
This study could be a model for similar studies with other SIT-targeted species and will 
allow having a better understanding of insect-symbiont interactions. 

Keywords: Ceratitis capitata, Mediterranean fruit fly, Vienna-8 GSS, symbiosis, probiotics, Sterile Insect 
Technique 
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Background: In the suppression and eradication programs of Ceratitis capitata 
(Wiedemann) implementing the Sterile Insect Technique (SIT), a key aspect is the 
reliable differentiation of irradiated flies released and recaptured with fluorescence dye 
deficiency versus wild flies in the traps.This paper examines, describes and compares 
different morphological, morphometric and histological characteristics of testes and 
ovaries from non-irradiated TSLstrain, TSL irradiated and wild flies from its emergence 
until the 25th day. 
Methods: Sterile flies were obtained from El Pino, Guatemala and Metapa de 
Dominguez, Chiapas, Mexico production facilities. Wild flies were obtained from 
infested coffee berries of Antigua, Guatemala. Groups of flies were maintained under 
laboratory conditions.  Daily 15 flies per group were removed from the cages and sex 
for dissection, mounting, morphometric, morphological, and cytohistological studies 
followed by micro-photography. Statistical analysis of the various parameters from 
testicles and ovaries were performed by analysis of totally random variance (ANOVA) 
using the StatView5.0 (SAS Institute 1998), followed by Fisher's test (p = 0.05). 
Results: 1) Sexual maturation in wild and un-irradiated TSL females of C. capitata 
followed a remarkable growth in size of the ovaries and the number of oocytes that 
mature throughout their development. The results indicate that non-irradiated females 
TSL ovarian initiated growth at 2 days old and wild 3 to 4 days. Before this age no 
changes that differentiated irradiated group was observed. From the beginning of 
ovarian growth, differences were evident to conclusively discriminate irradiated group 
from wild females. 2) In 1-3 days old malesno difference was found in morphological 
and histological changes to differentiate between male testicles of irradiated, non-
irradiated TSLstrain and wild males. From 4 and 5 days old, clear histological 
differences was noted and a diagnosis of differentiation between different groups was 
found to be reliable; testes of wild and non-irradiated TSL males continues normal 
spermatogenesis process up to 25 days old while irradiated males showed an evident 
cell damage due to irradiation. 

Conclusions: Under conditions where difficulties are observed among irradiated flies 
using fluorescent dye, we have demonstrated the feasibility to differentiate and properly 
diagnose such irradiated wild flies using techniques described in this study. These 
results have wide application in control or eradication programs with TIE that utilizes 
C. capitata TSL strain. 

Keywords: Ceratitis capitata, sterile insect technique, sexual maturation, differentiation sterile-fertile, 
ovaries and testes. 
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Background: The success of sterile insect technique (SIT) programs against many 
tephritid fruit flies, including Ceratitis capitata (Wiedemann), relies on the mating 
success of released sterile males in the field. Since its´ development in an area-wide 
concept, this control program is evaluated by the recapture ratio of sterile versus wild 
flies. This measure does not take into account the real target of the SIT that is the wild 
female, nor gives any clue about the success of released sterile males. Thus, the 
contribution of released sterile males to reducing the wild population still remains a key 
issue to unravel. In this work we present how sterile males contribute to reducing wild 
populations by means of analyzing wild females, as the real target of the SIT program.    
Methods: A mating competition test was performed firstly in laboratory and then under 
semi-natural conditions, with different C. capitata Vienna-8 tsl release ratios. The 
efficacy of SIT and the contribution to reduce wild population was assessed by means 
of determining the percentage of sterile male mated females (by sperm ID molecular 
test) and by linking to offspring production on sentinel hosts.  
Results: Statistical methods have been developed with the obtained data of sperm ID in 
the spermathecae of captured females and with data of viable offspring produced in 
sentinel fruits, revealing that both can be predicted using release ratio and mean 
temperature. Moreover, humidity contributed to factors influencing the female capture 
in lured traps. A strong negative relationship was established between proportion of 
Vienna-8 mated females and C. capitata offspring production, being a key point for a 
model to predict success in SIT program.   

Conclusions: The statistical models developed should contribute to enhance the efficacy 
of SIT programs against C. capitata by means of modulation of release ratios by season 
temperature and assessing wild female.    

Keywords: Ceratitis capitata, SIT, sperm ID, offspring reduction, statistical models.  
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Background: The aerial release in majority of current sterile insect technique (SIT) 
programs, relies on releasing chilled adult sterile insects into the wild using small single 
engine or twin engine aircraft. Besides being the fastest method of release, it has been 
demonstrated to provide uniform distribution over target areas and to help ensure sterile 
insect quality and survivability. Aerial release machines are designed with 4 basic 
components, a means of cooling, a means of metering, a control system and release 
mechanisms. These mechanisms utilize screw augers (USDA 1974) and later conveyor 
belt (Mubarqui 2005) to adjust and calibrate the rate and desired density by manual and 
mechanical devices handled by the pilot. New design machine uses vibrating conveyors 
to avoid 100 percent damage in insects and are calibrated by means of the computer and 
software GIS in a precision manner.  
Methods: The use of tablet computer devises and android operative systems, beside GIS 
software has allowed us to create a software that interact with the release machine 
means Bluetooth communication ports, sending instructions to start, calibrate in real 
time, turn off, open and close the gates. This software is called the MacxNav  

Results: The Smart Aerial Release Machine, and MacxNav has been tested with 
Anastrepha ludens and Ceratitis capitata, and has demonstrated to be damage-free and 
highly precise, avoiding mistakes and allowing the pilots to concentrate on flying. Is 
also friendly with all quality assurance system in the targeted areas in managing fruit 
flies. 
Conclusions; The use of digital systems allows fast adjustments in vibrating rate to 
maintain the correct density and rate, avoiding altitude mistakes or releases outside the 
polygons. Also the tablet with MacxNav connects by WiFi to internet server permitting 
downloads of flight files and uploading the new release program for next flight upon 
landing. 

Keywords: Aerial Release, GIS, Sterile insect release; Ceratitis capitata, Anastrepha ludens 
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The Egg Irradiation Effect on Genetic Sexing Strain 
of Bactrocera dorsalis（Hendel） 
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Background: Genetic sexing strain of Bactrocera dorsalis（Hendel）was established 
for SIT application. Normally the pupae were irradiated. We explore the possibility of 
using irradiated eggs for rearing parasitoids.  
Methods: The eggs from GSS B. dorsalis were irradiated with 0Gy, 10Gy, 20Gy, 30Gy, 
40Gy, 50Gy, 60Gy and 70Gy respectively by 137Cs at 1Gy/Min. The egg hatch rate, 
mortality rate of larvae, pupation percent, pupal weight, adult emergence rate, sex-ratio 
(♂/♀), fly ability and adult survival were tested.  
Results: Compared to control, the egg hatch rate was reduced with increasing irradiation 
dose and the prediction equation was y = 87.722-0.702x, R2 = 0.972; the mortality of 
larvae increased within a certain range, pupation rate was decreased, however the 
variation was minimal. Pupal weight was generally low and white pupa was fewer than 
the brown pupa. Sex ratio rose; emergency rate of adult decreased significantly. For 
male pupae, the prediction equation was y=92.861-0.377x, R2=0.943 and in female it 
was y=90.583-0.331x, R2=0.929. Adult flight ability decreased and in male the 
prediction equation was y=82.761-0.519x, R2=0.948 and y=81.364-0.523x, R2=0.979 
for female. The longevity under stress of adults decreased significantly, especially for 
female adults, the survivor rate was very low (0.33%) when the radiation dose was 
70Gy. 

Conclusions: The egg irradiation by137Cs affected the development of GSS strain of 
B.dorsalis when the dose was more than 50Gy. 

Keywords: Genetic sexing strain; Bactrocera dorsalis; irradiation dose; eggs 
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Background:  Mass trapping has been found to be highly effective for control of pest 
fruit flies when populations are low and a highly effective lure is available for the target 
species.  Successful population control through mass trapping is an indicator that 
attract-and-kill bait stations may be equally successful, and can provide a predictor of 
levels of control that can be achieved through use of bait stations.  The Caribbean fruit 
fly, Anastrepha suspensa, is a serious pest of guava, Psidium guajava L., and growers in 
south Florida, USA, are in need of alternatives to pesticide application for fruit fly 
control.   

Methods:  Field studies were conducted in a small planting of guava to investigate the 
potential use of mass trapping for control of A. suspensa.  Multilure traps baited with a 
two component food-base lure comprised of ammonium acetate and putrescine 
(BioLure) were placed in every tree throughout the season.  Numbers of male and 
female flies trapped were determined weekly by placing Multilure traps baited with 
torula yeast/borax solutions in 5 trees in the middle of plots with mass traps and without 
mass traps (control) for 24 h.  Additional data were collected on number of flies per 
mass trap and fruit infestation levels.   

Results:  Results of tests conducted over several years found that mass trapping had the 
potential to not only decrease number of adult flies in the plot but also to decrease 
infestation level during some of the sample periods. 

Conclusions: Although these tests were conducted in areas that are not optimal for 
control, mass trapping was found to be successful.  Deployment over a larger area and 
development of more effective attractants for this pest may provide a new tool for guava 
growers in south Florida.  

Keywords: Anastrepha suspensa, guava, synthetic lures, torula yeast 
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Comparing Study of the Potential Geographical Distribution Using 
Four Ecological Niche Models: Bactrocera zonata (Saunders) as a Case 

Yujia Qin1, Cong Wang1, Wencheng Lv1, 2, Wenlong Ni1, Yan Fang1 and Zhihong Li 
1Department of Entomology, College of Agriculture and Biotechnology, China Agricultural University, 
Beijing, China. E-mail: yujia899889@163.com; 2Yantai Entry-Exit Ispection and Quarantine Bureau, 
Yantai, China. 

Background: Bactrocera zonata (Saunders) is one of the most harmful species of 
Tephritidae. It causes extensive damage in Asia and threatens many countries located 
along or near the Mediterranean Sea. Despite its economic importance, B. zonata has 
been investigated insufficiently, and its potential for colonizing new areas has been 
estimated inadequately. 
Methods: In this study, we applied four common ecological niche models including 
CLIMEX, BIOCLIM of DIVA-GIS, Maxent and GARP to estimate the potential 
geographical distribution of B. zonata with the same data of environment and 
distribution. In the meantime, ten sets of training data and test data were used to obtain 
the AUC value (Area Under roc Curve) from the ROC curve (receiver operating 
characteristic curve) for the model comparison. 
Results: The results showed that CLIMEX presents the highest value of mean AUC. 
This model predicts that, under current climatic conditions, B. zonata will be able to 
establish itself throughout much of the tropics and subtropics, including some parts of 
America, southern China, southeastern Australia and northern New Zealand.  
Conclusion: CLIMEX is the best model to predict the potential geographical 
distribution of B. zonata among the four ecological niche models. In order to prevent 
the introduction and spread of B. zonata in the world, enhanced quarantine and 
monitoring measures should be implemented in the areas that are projected to be 
suitable for establishment of this insect pest.  

Keywords: Bactrocera zonata, potential geographical distribution, AUC, model comparison, CLIMEX 
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Framework for Systems Approaches for Fruit Flies 
under Emergency Quarantines 

Eric Jang 

United States Department of Agriculture, Agricultural Research Service, Pacific Basin Agricultural 
Research Center, 64 Nowelo St., Hilo, HI 96720, USA. E-mail:  eric.jang@ars.usda.gov 

Background: Emergency quarantines against fruit flies in areas where the flies are not 
established pose unique problems for growers and shippers. Developing systems 
approaches based on IPPC guidelines allows for multiple independent measures that 
when combined provide quarantine security. We have developed a framework for 
systems approaches that include areas of low pest prevalence and less than probit 9 
treatments or poor host status as major independent measures. Analysis of factors to 
support a systems approach concept are presented.  A recent quarantine in California for 
oriental fruit fly where high value crops such a sweet cherries are grown, and a tomato 
systems approach for medfly are examples of how systems approaches may be used in 
emergency quarantine situations. 

Methods: Our approach will be to use tomatoes that are poor hosts of tephritid fruit flies 
as the crop/pest model and develop a proposed systems approach that might allow 
affected growers to move their product outside a quarantine area. We will establish the 
parameters and components of a systems approach which would mitigate the risk 
associated with the quarantine based on established biologically-based concepts such as 
low pest prevalence, poor- host status, and/or less than probit 9 regulatory treatments. 
Finally we will assess the system to determine if the mitigation measures as identified in 
the systems approach would sufficiently mitigate risk using models and data developed 
from this project. 

Results: Host status has become a primary consideration when developing metrics 
related to risk of a commodity becoming infested by pests such as fruit flies. Fruit flies 
represent a particular risk due to 1) the fact that eggs are laid and immature develop 
inside the fruit and are often undetected at early stages of infestation and 2) that 
multiple  eggs can be laid in the fruit resulting in a “clumped” distribution within a 
consignment. Still the approaches used to establish host status has historically been 
developed through collections of fruit and through more controlled laboratory “forced” 
infestation or choice tests. Infestation studies showed that there was an increase of 
infestation with increasing ripeness. 
Conclusion: Establishing framework/guidelines for the future application of systems 
approaches to emergency quarantine areas where we have low founder populations and 
perhaps poor hosts will greatly facilitate international acceptance of a systems approach. 
This in turn will help the industry’s ability to respond should a systems approach be 
needed to secure or maintain domestic and export markets. 

Keywords: systems approach, Tephritid fruit flies, quarantine 
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MedHost: An Encyclopedic Bibliography of 
the Host Plants of Ceratitis capitata (Wiedemann) 

Karl Suiter1, Nicanor Liquido2 and Grant McQuate3 

1Center for Integrated Pest Management (CIPM), 1730 Varsity Drive, Suite 110, North Carolina State 
University (NCSU), NCSU Centennial Campus, Raleigh, NC, 27606, U.S.A. E-mail: karl_suiter@cipm.info; 
2United States Department of Agriculture (USDA) – Animal & Plant Health Inspection Service (APHIS) 
– Plant Protection & Quarantine (PPQ) - Center for Plant Health Science and Technology (CPHST) - 
Plant Epidemiology and Risk Analysis Laboratory (PERAL), Honolulu, HI, U.S.A.; 3United States 
Department of Agriculture (USDA) – Agricultural Research Service (ARS) – U. S. Pacific Basin 
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Background: Tephritid fruit flies are serious agricultural pests because of their direct 
damage to fruit through oviposition and larval feeding which can lead to both loss of 
product for local consumption as well as implementation of regulatory restrictions on 
the movement of commodities across national and international borders.  Knowledge of 
the host status of different fruits and vegetables is needed in support of the development 
of systems approaches to permit crop exports as well as to readily permit quarantine 
regulatory officials to check on the risk of introduction of these fruit fly species in 
imported or exported fruits and vegetables. To provide this needed knowledge, we 
began development of an interactive compendium of the host plants of economically 
significant fruit fly species, beginning with the Mediterranean fruit fly, Ceratitis 
capitata, followed by focus on other fruit fly species of economic importance. 

Methods: We acquired all pertinent literature worldwide through the use of searchable 
databases, e.g., Agricola, CAB Abstracts, and Scopus, accessible through DigiTop, 
USDA’s digital desktop library. Additionally, pertinent data were obtained from 
searches of the USDA-APHIS pest interception data bases. Retrieved publications or 
references were classified as providing field infestation data, laboratory infestation data, 
or as just listing a fruit or vegetable as a host without providing any supporting data.  
For field and laboratory infestation data, a succinct summary was prepared which 
summarized where fruits were collected, the condition of the fruit, how the fruit was 
held and the level of infestation found. 
Results: Data on the status of fruits and vegetables as hosts of Mediterranean fruit fly 
has been summarized from over 350 publications, worldwide, as well as from over 3000 
interceptions of fruits and vegetables infested by Mediterranean fruit fly. These 
summaries have been incorporated into an open access online searchable database. 
Records of infestation of fruits and vegetables by Mediterranean fruit fly can be 
searched by plant common name, plant scientific name, publication author, country or 
host plant family. 
Conclusions:  Summaries of infestation of fruits and vegetables by Mediterranean fruit 
fly will be useful in developing risk mitigation options, such as commodity quarantine 
treatment based on Probit 9 level of efficacy, treatment with level of efficacy lower than 
Probit 9, or even systems approaches based on the level of expected fruit fly infestation 
intensity. The data base will allow regulatory officials to assess the risk of introduction 
of these selected fruit fly species in imported or exported fruits and vegetables.  
Comparable open access online searchable databases are being prepared for select 
Bactrocera spp. and Anastrepha spp. of economic importance.   

Keywords:  Ceratitis capitata, Bactrocera spp., Anastrepha spp., host status, online searchable database 
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Simplified Identification Key for Larvae of Tephritid Species the Most 
Regularly Intercepted on Imports in Europe 

Valérie Balmès 
Anses- Laboratoire de la Santé des Végétaux. Unité entomologie et plantes invasives. CBGP Campus 
International de Baillarguet Cedex. CS 30016. FR 34988 Montferrier-sur-Lez. France. E-mail: 
valerie.balmes@anses.fr 

Background: Only a few species of Tephritidae (Diptera) are regularly intercepted 
during import controls in Europe. Most of the time, interceptions are made after the 
detection of larvae in imported plants. Therefore, morphological identification of 
species has been a challenge.  
Methods: Morphological characters are use to identify the head of the third instar larva -
cephalopharyngeal skeleton and anterior spiracle - associated with identity and origin of 
the plants. Specimens were mounted into glass slide and observed at a magnification of 
x100. 
Results: This study evaluated a simplified identification key to separate larvae of nine 
Tephritid species (Anastrepha spp., Bactrocera correcta, B. cucurbitae, B. dorsalis 
complex, B. latifrons, B. zonata, Ceratitis capitata, C. cosyra and Dacus ciliatus). 

Conclusions: This key would be quick and easy to use by the NPPOs. 

Keywords : Tephritidae, larvae, import, identification, Europe

mailto:valerie.balmes@anses.fr


12-16 May 2014, Bangkok, Thailand | 245 

Areas of Low Pest Prevalence for Domestic and International Trading 
Bernie Dominiak1 & Bronwyn Wiseman2 

1New South Wales Department of Primary Industries, 161 Kite Street, Orange, NSW 2800 Australia. 
bernie.dominiak@dpi.nsw.gov.au. 2Kalang Consultancy Services, 41 Barnett Close, Phillip, Australian 
Capital Territory, 2602, Australia. 

Background:  Traditionally, market access for fruit fly host commodities has been 
determined by monitoring to demonstrate that the pest is absent (pest free area) to allay 
the fear of importing infested fruit.  However, in endemic or outbreak areas, a range of 
pre- and post-harvest treatments are generally required prior to fruit export to fruit fly 
sensitive markets.  An alternative approach is Areas of Low Pest Prevalence (ALPP) 
and this allows a small population of fruit flies to be present in the production area (in-
field) and for control measures to be used.  The issue becomes how does the exporting 
country overcome the fear of the importing state or country that the produce might be 
infested.   

Methods: We used the existing Australian trade standard for Bactrocea tryoni to select 
thresholds for areas of low pest prevalence.  This trade standard has been operational for 
about 15 years internationally.  A similar draft Australian trade standard for Ceratitis 
capitata is used to identify thresholds to enter and exit areas of low pest prevalence. 

Results:  For B. tryoni (Q-fly), it is proposed to use a trapping grid based on 400 m and  
0.14 flies per trap per day (FTD) to move from pest free status to ALPP and 0.35 FTD 
to move from ALPP to suspension of trade. The equivalent levels for C. capitata 
(medfly) are 0.14 and 0.21 FTD for areas using a systems approach. Once the standard 
has been scientifically verified, exporting countries must use a range of options to 
convince importing states or countries to adopt this standard.  These options include 
scientific, emotional, cultural, and equivalence to overcome international resistance to 
adoption.  

Conclusion: ALPP allows fruit flies to be managed at a level where a breeding 
population does not establish and transient fruit fly populations can be managed.  ALPP 
is particularly suited to isolated production sites and its implementation can provide 
management flexibility depending on host, climate and production pathway.  The 
proposed conditions for ALPP for Q-fly and medfly are currently being considered as 
trade standard for Australia domestic trade.  Adoption is likely to be rapid for Q-fly and 
Medfly where equivalent trade benefit for other economic species can be demonstrated 
by other states.  ALPP is likely to be adopted in relatively isolated production areas 
first.  It is likely to take several years before some countries agree to import produce 
based on this standards.  A range of options are required to gain international adoption 
and these options will change depending of the two countries involved in trade.  
Negotiations are likely to include scientific, emotional, cultural, reciprocal, and 
equivalence arguments to overcome international resistance to adoption. 

Keywords: trade, area of low pest prevalence, adoption of new trade standards, market acc 
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